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PREFACE 

The subjects covered in the following chapters relate especially 
to the power and heating equipment for buildings of large size, 
such as office buildings, department stores, municipal buildings, 
hotels, hospitals and institutions, theatres, technical and trade 
schools, loft buildings, railroad stations, machine shops, foundries, 
paper and textile mills. 

The mechanical equipment in buildings of this kind is more or 
less complex, depending upon their size and use, and may pro- 
vide for the generation of power, lighting, elevator service, re- 
frigeration, pumping, fire protection, air compression, vacuum 
cleaning, drying, water heating, cooking, sterilizing, etc., not to 
mention the special machinery used in various manufacturing 
processes. 

In some cases only a few of these requirements may be neces- 
sary, while in others, like the modern office building or hotel, 
practically all of those noted are called for. 

It has been the aim in the present volume to treat the various 
problems somewhat broadly and with special reference to the 
steam requirements. Equipment relating to the generation and 
use of steam has been considered in some detail, while other mat- 
ters, such as lighting, elevator service, refrigeration, etc., have 
only been touched upon as they relate to the steam side of the 
problem. It has been assumed that the reader is already familiar 
with the usual details of heating and ventilating design, hence, 
attention has only been given to the special requirements of the 
buildings under consideration. In the later chapters a study has 
been made, of the relation between power and heating, and 
methods given for determining the results to be expected by com- 
bining the two in a single plant under varying conditions. 

The object sought has been to enable one to take a compre- 
hensive view of problems of this kind, to decide upon the best 
system of heating to be employed, to determine what advantage, 
if any, may be gained by generating power upon the premises, and 
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also what type and arranganent of power equipment will be best 
fitted to meet the special requirements. 

Furthermore, the various steps in the design of a plant of this 
kind have been taken up in logical order and the computations 
worked out in detail to show their application to the various con- 
ditions which may arise in practice. 

In a general way this volume supplements those which precede 
it in the same series, and will be found to contain a large amount 
of practical data relating to the actual design of combined power 
and heating plants not usually included in books which treat these 
subjects independently. 

Special thanks are due to the editors of various magazines for 
permission to use material which has appeared over the author's 
name in their publications. Among these are included the fol- 
lowing, together with a list of the chapters from which portions 
have been published. 

American ArckUed, Chapter i. 

BrickbuUdeTf Chapter ii. 

Engineering Magazine, Chapter 3. 

Isdatei Plant, Chapters 5, 10, 12. 

Mekd Worker, Chapter 4. 

Naiicnal Engineer, Chapters 2, 3, 6, 7. 

Power, Chapters 2, 6, 7, 8. 

Practical Engineer, Chapter 8. 

Credit is also due the Warren Webster Co., for data on humidity and air cooling. 

Of the 220 cuts, 130 are from original drawings, prepared es- 
pecially for this work by the author. The others have been 
redra\vn from cuts taken from magazines and catalogues, as 
these seemed to fulfill the specific purpose sought, better than 
original drawings. 

A list of cuts taken from various magazines is given below : 

Engineer, Figs. 100, loi, 132, 133, 160, 165, 198. 

Engineering Record, Fig. 30. 

Machinery, Figs. 7, 99, 109, 127, 129, 130, 176, 177, 178, i79» iSo, 182, 183. 

Metal Worker, Figs. 52, 54. 

Plumber^s Trade Journal, Figs. 143, 144, 145- 

Power, Fig. 199. 

Practical Engineer, Figs. 153, 154, 181. 

Steam, Figs. 189, 190, 191, 192, 193. 

A list of cuts redrawn from trade catalogues is given in the 
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back of the book for identifying the make of the different pieces 
of apparatus described. 

Thanks are extended to the publishers of the various magazines 
noted, and to the manufacturers of the equipment shown, for the 
use of cuts as mentioned above. 

Data and tables appearing in forms similar to the originals 
from which they were taken, are credited in the text to the source 
of information. 

It has been the intention of the author to give credit in every 
case where due, but if through oversight this has not been done, 
it will be considered a favor to have such oversight reported in 
order that it may be corrected in future editions. 

Charles L. Hubbaed. 

Boston, Mass. 
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COMBINED POWER AND 
HEATING PLANTS 



CHAPTER L 

HEATING AND VENTILATING REQUIREMENTS FOR 
DIFFERENT TYPES OF BUILDINGS. 

The following chapter discusses briefly some of the principal 
requirements to be considered in designing heating and ventilating 
plants for different types of buildings. In connection with this 
discussion, various methods are given for meeting these require- 
ments in a manner to conform with the standards of present 
engineering practice. 

Office Buildings. 

1, General Arrangement, — The modern office building usually 
consists of three sections, the basement or sub-basement con- 
taining the mechanical plant ; the street floor, devoted to banking 
rooms with suites of private offices above; and the remainder of 
the building made up of small rooms arranged in a similar man- 
ner upon each floor. 

2. Methods of Heating. — ^The upper section is commonly 
warmed by direct radiation, it not being practicable to combine 
heating and ventilation in buildings of this kind owing to the 
large number of rooms and the necessity of individual tempera- 
ture regulation in each. The banking rooms and private offices 
are generally provided with ventilation and the heating is usually 
done by means of hot air, supplemented by direct radiators, where 
needed. When a ventilating fan supplies more than one room 

1 
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it is customary to raise the temperature of the entering air to 72 
or 74 degrees at the main heater and provide the additional heat 
either by direct radiators or by secondary stacks placed at the 
bases of the various flues, thus giving to each room an independ- 
ent means of temperature control. In buildings of small size, 
indirect gravity heaters are often used for warming the banking 
rooms, although not so effective as a fan system. 

S. Location of Radiators. — In the smaller rooms of the upper 
section the radiators are generally placed beneath the windows 
for the following reasons : First, it is the coldest part of the room 
and this arrangement serves to prevent down-drafts caused by 
the large glass exposure and the inleakage of air around the 
sashes ; second, the partitions are often changed to suit the 
tenants, and with the radiators in this location there will be no 
interference, whatever the arrangement of the rooms; third, it 
simplifies the running of supply and return risers, making the 
layout practically the same on each floor. There may be instances, 
however, where it is desirable to keep the windows free, in which 
case the radiators may be set against the side walls, or partitions, 
without interfering with their effectiveness to any great extent. 
In steam-heated rooms, having two or more windows, it is 
best to divide the radiating surface, placing a unit beneath each 
window. This arrangement makes it possible to proportion the 
heating capacity to the outside temperature by shutting off one 
or more of the radiators in mild weather. In small rooms, where 
a single radiator is used, the same result may be secured by 
dividing it into two separately valved sections and connecting 
with the riser, as shown in Fig. 1. This, in effect, gives two 
independent radiators while having the appearance of only one. 
It can be employed, however, only with a single-pipe connection, 
but as this method is widely used in low-pressure gravity heating 
it is available in a large number of cases. Vacuum and hot- 
water systems, requiring the two-pipe connection, have other 
means of regulation, so the divided radiator is not necessary 
under these conditions. 

Entrances and corridors may be warmed either by direct or 
indirect radiation. A good arrangement for this purpose is to 
conceal the heaters by grille work and force warm air through 
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HEATING AND VENTILATING REQUIREMENTS 3 

them by connecting with the fan system. This serves to supply 
fresh air to the corridors and also reduces the radiating surface 
by increasing its efficiency. The larger part, if not all, of the 
corridor radiation may be placed on the first floor. These rooms 
have but little, if any, outside exposure and the stairways and 
elevator shafts act as flues for carrying the heat to the upper 
stories. In special cases, where there is considerable outside glass 
exposure, it may be necessary to supplement this with a small 
amount of direct radiation suitably distributed on the various 
floors. In general, however, the first arrangement will provide 
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ample heat and is more simple to install. When a fan Is used in 
connection with this work provision should be made for gravity 
rotation through the heaters at night when the power is shut off. 
Miscellaneous rooms, such as lunch rooms, barber shops, toilet 
rooms, basement storage rooms, etc., are usually heated by direct 
radiation located according to the positions of the risers and the 
general arrangement of the fixtures. 

Skylights may be warmed by carrying coils of pipe around 
the enclosed chamber between the two sashes. 

4, Radiator Shields. — Cold down-drafts in front of high win- 
dows in banking rooms and similar locations are often difficult to 
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overcome with ordinary direct radiators. In cases of this kind 
gpod results may be obtained by the use of plate-glass shields as 
shown in Fig. 2. These form a flue which delivers a current of 
warm air at a sufficient height to break up or deflect the down- 
ward movement of cool air before it reaches those sitting below. 
Other methods of overcoming down-drafts are 
considered under ventilation. 

5. Types of Radiation. — The various forms 
of cast-iron sectional radiation are used almost 
exclusively in this class of work. Direct radia- 
tors should be of plain pattern and chosen with 
reference to the positions they are to occupy. 
A certain relation should be maintained between 
the height and length in order to give a sym- 
metrical appearance, and two-column radiators 
are somewhat more efficient, for a given surface, 
than deeper ones. Where the space below the 
windows is limited, low radiators of special 
design are often required, a typical form for 
this purpose being shown in Fig. 3. 

Modern fire-proof building construction usu- 
ally makes it necessary to carry the run-outs 
to the radiators above the floor. When they 
are located at some distance from the risers it 
will be advisable, in gravity systems, to use 
radiators having extra high legs in order to 
secure sufficient pitch for proper drainage. 
When a vacuum system is employed this pre- 
caution is not necessary, as the suction in the 
return will keep the pipes clear of condensation. Wall radia- 
tors are especially adapted to the warming of toilet rooms and 
lavatories because they leave the floors free for easy cleaning or 
flushing. 

Stacks for indirect gravity heating, and supplementary heaters 
for use with fan systems, are best made up of pin radiation or 
sections of similar form. 

6. Room Temperature, — All offices and banking rooms should 
be warmed to a uniform temperature of 70 degrees in the coldest 




Pig. 2. Plate Glass 
Radiator Shield. 
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HEATING AND VENTILATING REQUIREMENTS 5 

weather. Although a corridor temperature of 60 degrees, or less, 
is ample for the comfort of those entering or leaving a building, 
it is best to maintain a temperature approximating that of the 
offices on account of those passing through to other rooms, toilets, 
etc., without extra clothing. Toilet rooms containing lavatories 
or bathing facilities should be warmed to 70 degrees, while in 
those of a semi-public nature, used by people dressed for the 
street, a temperature 55 to 60 degrees is sufficient. Private 
toilets usually have little, if any, outside exposure and are not 
commonly provided with heat. 

7. Minimum Outside Temperature. — ^The minimum outside 
temperature upon which the capacity of a plant should be based 
will depend upon the geographical location of the building. The 
United States Government, in the design of its Federal buildings 
for northern cities, bases its calculations for heating capacity 




Fig. 3. special ^Hndow Radiator. 



upon the lowest recorded temperature in the past ten years, while 
for southern cities, the lowest recorded temperature plus 10 
degrees is taken. Although it is very important that an office 
building be properly warmed at all times, it hardly seems neces- 
sary to provide a plant of sufficient capacity for the exceptional 
low records which occur only once in several years. In New 
England and the Middle States a minimum temperature ranging 
from — 10 degrees to is commonly assumed. When it is desired 
to provide against possible low records, the ducts may be so ar- 
ranged as to allow of the air being rotated within the building, 
thus sacrificing ventilation for additional heat, temporarily. 
Dampers or doors should be provided so that by closing oflF the 
outside supply, air may be drawn downward through corridors 
and stairways, passed through the main heater, and delivered 
again into the lower corridor at a comparatively high temperature. 



Digitized by 



Google 



6 COMBINED POWER AND HEATING PLANTS 

This is much more economical, both in cost of installation and 
operation, than to increase the direct radiation throughout the 
building. When the building is once thoroughly warmed, a well- 
planned system should be able to maintain a comfortable tem- 
perature, even with the outside conditions considerably more 
severe than those for which the plant was originally designed. 

8, Systems of Heating, — Both steam and hot water are em- 
ployed in this class of work. When the former is used it may be 
circulated under a low pressure, returning the condensation to 
the receiving tank by gravity, or a vacuum system may be em- 
ployed. In combined power and heating plants using the former 
arrangement the pipes should be of such size that the steam will 
circulate freely through all parts of the radiating system with a 
pressure not exceeding 2 pounds, in order that the back-pres- 
sure on the engines shall not be materially increased over that 
when exhausting to atmosphere. Gravity circulation is adapted 
to buildings of small and medium size, requires no special devices 
in the way of return valves, vacuum pumps, or exhausters, and 
also permits of the single-pipe connection. 

In larger buildings the circulation is apt to be sluggish, es- 
pecially when steam is first turned on, and higher pressures are 
required unless the pipe sizes are considerably increased. In 
plants of this kind, using exhaust steam, it is usually best to 
employ a return-line vacuum system, which accelerates the cir- 
culation without increasing the pressure, does away with air 
valves, and makes possible a certain amount of temperature 
regulation by using graduated valves at the supply end of the 
radiators. 

Hot-water heating, under forced circulation, is adapted to the 
same class of buildings as the vacuum steam system. The exhaust 
is utilized in a tubular heater, without back pressure, and the 
water is forced through pipes of moderate size by means of a 
circulating pump. In the "vacuo" system, so called, the heater is 
made to take the place of a condenser, either wholly or partially, 
thus adding to the power or economy of the engines. By circu- 
lating the water at different temperatures, according to outside 
conditions, a certain amount of general temperature control is 
possible which is under the direct charge of the engineer, thus 
adding materially to the economy of operation. 
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9. Temperature Control. — In the best class of work, and when- 
ever funds are available, the heating system should be equipped 
with automatic temperature regulation. This is important, not 
only as regards the comfort and health of the occupants, but also 
reduces the cost of fuel, unless there is a surplus of exhaust 
steam available for all heating purposes. 

The methods of temperature control previously mentioned are 
of considerable advantage in a limited way, but are only make- 
shifts when compared with an efficient system of pneumatic regu- 
lation. Devices dependent upon the attention of the occupants 
are likely to be neglected, and temperature control is usually at- 




Flg. 4. System of Ventflation for Office Buildiiif. 

tempted by opening and closing the windows, resulting in dis- 
agreeable and often dangerous drafts and waste of heat. 

Whatever the system of heating and ventilation, it is a most 
excellent plan to open the windows for a short period occasionally 
and flush out the rooms with fresh air, but it is not a good idea 
to sit in a draft nor to remain in an over-heated room for any 
length of time. 

10. Piping Arrangement. — ^\Vhen the lower floors are used for 
banking rooms or similar purposes it is desirable to conceal all 
steam and return piping leading to the upper part of the building. 
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8 COMBINED POWER AND HEATING PLANTS 

This can best be done by supplying the first floor radiators from 
a separate up-feed system, and the remainder of the building 
from an independent line, on the down- feed plan, as illustrated 
in the following chapter. 

11. Ventilation. — It has already been stated that ventilation is 
not usually provided for all floors in buildings of this type. There 
are instances, however, where the owners desire to have the 
entire building ventilated, or at least a considerable portion of it. 
When this is done the arrangement shown in Fig. 4 is usually 
employed. This consists of a main flue, centrally located, and 
extending to the top of the uppermost floor to be ventilated. 
Horizontal ducts connect with this vertical shaft at each ceiling, 
of sufficient size to supply the entire story. These ducts are con- 





Flc. 8. Detail Showinc Ducts over Corridor. 



FlC. 8. Detafl of DooUe-Dtiet System. 



cealed by a false ceiling or furring at the upper part of the 
corridor and deliver fresh air to the rooms through registers 
usually placed over the doors. Sometimes the furred-in space 
around the duct is utilized for exhaust ventilation being connected 
with a fan located upon the roof. This general arrangement is. 
shown in Fig. 5. With certain forms of building construction it 
may be necessary to place automatic fire dampers over the open- 
ings leading from the main supply and vent shafts at each story. 
This, however, is a detail to be decided by the fire underwriters 
for the district in which the building is to be erected. The usual 
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plan, however, is to simply supply fresh air to the smaller rooms 
and depend upon leakage for exhaust ventilation. 

Heat is commonly furnished by direct radiation independently 
of the ventilating system which supplies air at 2 to 4 degrees 
above the normal temperature of the room. 

Sometimes the double-duct arrangement is employed for limited 
sections of a building where the rooms are elaborately finished 
and it is desired to eliminate all direct radiation. The hot air, in 
this case, is carried below the tempered air as shown in Fig. 6, 
and the two mixed in the right proportion by a graduated damper 
thermostatically operated. 

12. Ventilation of Banking Rooms. — ^The best results are ob- 
tained in rooms of this kind by the use of fans, both for supply 
and exhaust. The location of these will depend somewhat upon 
the arrangement of the building. Ordinarily the supply outfit is 
placed in the basement, although in some cases it may be desirable 
to locate it above the rooms and discharge the air into flues lead- 
ing downward. Vent flues from the first floor are usually gathered 
at the basement ceiling and connected with an exhauster dis- 
charging into a special shaft leading to the top of the building. 
There are various ways of admitting the warm air to the main 
banking room. If the system is to be used for heating only, and 
not for cooling in the summer time, it is a good plan to bring in a 
considerable proportion of the warm air through long narrow 
slots in the window sills, and through elevated registers in or near 
the outer wall. A certain amount should also be supplied to the 
public space by means of grilles along the inner wall or through 
centrally located columns. 

Exhaust ventilation should be through grilles or registers placed 
near the floor, part in the base of the counter and part in both 
outer and inner walls, if the room is of considerable width. In 
long narrow rooms, the fresh air is often brought in through a 
series of registers, about 8 feet from the floor, located in the 
outer wall and the exhaust taken off through openings near the 
floor along the opposite side of the room. An examination of 
the plans of a considerable number of installations of this kind, 
representing the most recent practice, shows a considerable varia- 
tion in treatment as to the location of air inlets and outlets. Much 
seems to depend upon the available space for flues, and the only 
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general rule followed appears to be the admission of air at an 
elevation of 7 or 8 feet and its removal at, or near floor. In 
several of the plans examined the larger proportion of both 
supply and vent registers were located along the same wall. When 
a washer or other cooling device is employed, and the air is 
admitted in summer at a temperature considerably below that of 
the room, a somewhat different flue arrangement must be provided 
from that noted above. Ordinarily the space along the outer 
walls, next the windows, is occupied by desks, and if the cooler air 

were admitted in the usual manner it 
would at once fall upon the heads of 
those sitting below. 

With systems of this kind the air 
should be introduced along the inner 
walls, or at the opposite side of the public 
space, and exhausted at the outer walls, 
after having become diffused and raised 
to the normal temperature of the room. 
This arrangement works equally well 
with warm air, provided direct radiators 
and shields are placed in the windows as 
shown in Fig. 2. Whatever the method 
of ventilation, a sufficient number of di- 
rect radiators, or rotation heaters, should 
be provided to warm the room to a com- 
fortable temperature when the fans are 
not running. In general, we may say 
that the air should be heated to about 72 or 74 degrees at the 
fan and delivered to the room partly at this temperature and 
partly at a higher temperature by passing through re-heaters lo- 
cated beneath the window flues, these being available as rotation 
heaters, when the fan is not running, by the manipulation of 
switch dampers. 

Private offices may be heated by direct radiation either encased 
or exposed, or by re-heaters at the bases of the supply flues. 
Sometimes direct radiators are screened and the air supply 
brought in back of them. 

An arrangement frequently used for the ventilation of isolated 
offices is shown in Fig. 7, and consists of a direct radiator en- 




Fig. 7. Bncued Radiator for 
Window Ventilatioii. 
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cased so as to take air from beneath the raised sash of a window. 
A mixing damper is provided for regulating the temperature, and 
a rotation damper for night use or at times when ventilation is 
not required. 

13. Volume of Air Supplied, — When the probable number of 
occupants is known it is best to proportion the air supply upon 
this basis, allowing at least 40 cubic feet per minute each. 

When this data is not available a certain number of changes 
per hour may be provided. Under ordinary conditions from four 
to five changes should be furnished in the smaller rooms of an 
office building and from three to four in banking rooms. 

If the rooms are very high the number of changes may be re- 
duced. 

In a building recently erected, a banking room 58 feet in height 
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Flg.8. Vendition of Safety Depodt Vault 

was satisfactorily ventilated with two changes per hour. When 
designing a ventilating equipment for rooms of this type the ca- 
pacity of the exhaust system may be reduced to about 0.6 to 0.7 
that of the supply system, as a considerable amount of air will 
find its way out by leakage. 

H. Vault Ventilation. — Safety deposit and storage vaults re- 
quire special treatment, because, when closed at night, there must 
be no access through air ducts. 
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There are various ways of overcoming this difficulty, one of 
which is shown in Fig. 8. In this case a small centrifugal fan is 
supported upon the wall at the rear of the vault and arranged by 
means of a shallow ceiling duct to draw air from the upper part 
of the doorway. This air being taken from a well-ventilated cor- 
ridor, and therefore of good quality, is delivered at several points 
in the rear and along the sides of the vault and passes out under 
a slight pressure through the lower part of the doorway. An- 
other plan is to omit the special fan and connect with the regular 
ventilating system by means of a removable sleeve which is dis- 
connected at night when the doors are closed. 

15, Ventilation of Special Rooms, — Exhaust ventilation is pro- 
vided for toilets, kitchens, lunch rooms, etc., by means of separate 
fans in order to make them independent of the banking rooms. 
Whenever a room is likely to contain smoke or unpleasant odors 
the flow of air should be outward, hence, a supply is usually 
drawn from the corridors by suction and discharged outboard 
instead of being furnished under pressure by a special supply fan. 

Rooms of the above type require from six to eight changes per 
hour under average conditions and often more in special cases. 

16, Air Washing and Cooling, — Air washers are now generally 
included in the ventilating equipment of all buildings of this type, 
both on account of the more healthful quality of the air supply 
and for protecting the building and its contents against injury 
from soot and dust. These devices are easily equipped for 
humidity control and may be used for air-cooling in the summer. 

The amount of cooling effect will depend somewhat upon local 
conditions and may be increased by taking the spray water from 
the city mains or deep wells. In some cases a refrigerating plant 
is installed and brine or other cooling medium circulated through 
a series of coils over which the air is drawn by the fan. 

Under ordinary conditions the temperature of a well-ventilated 
room may easily be kept 10 degrees lower than the outside air. 

Department Stores. 

17, General Method of Heating, — Department stores are 
usually heated by a combination of direct and indirect radiation, 
the latter being installed in connection with the ventilating fans. 
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The most crowded departments are generally those on the first 
floor and in the basement, and mechanical ventilation is usually 
confined to these sections of the building. While there may be 
special cases where a generous air supply is required on some of 
the upper floors, it will be found, as a rule, that ample ventila- 
tion will be secured by inleakage around windows, supplemented 
by the general upward movement of the air within the building. 

18. Method of Air Supply. — The entire floors in buildings of 
this kind are usually unobstructed by partitions, except those ex- 
tending only part way to the ceiling, and must therefore be 
treated as single rooms of large size. Here, as in the case of 
banking rooms, the flue arrangement will depend somewhat upon 
the building construction and the available space. When the 
windows are placed 7 or 8 feet above the floor, as is often 
done to make room for cases and shelving, the warm air may 
be brought in directly beneath the sills thus offsetting the effect 
of down-drafts from the exposed glass area. 

Another arrangement, often employed with good results, is to 
bring the flues up on the first row of columns and discharge the 
warm air toward the outer walls, as shown in Fig. 9. A portion 
may also be brought in through registers located in the bases of 
the counters, preferably at the ends where people are not likely 
to stand. 

When the building occupies a comer, or has more than two out- 
side walls, special provision should be made to distribute the 
heat over the entire exposure as evenly as possible. In many 
instances the building is surrounded by others and has only a 
front and rear exposure, in which case the warm air is delivered 
near the outer walls with the larger portion at the front, adjacent 
to the main entrance. 

Air entering through registers at an elevation of 7 or 8 feet 
may have a velocity of 500 to 600 feet per minute, but in 
counter and base-board inlets it should be limited to about 300 
feet. 

The method of supplying air to the basement will depend some- 
what upon the purpose for which it is used. If the appearance is 
not important, distributing ducts of galvanized iron may be carried 
on the ceiling, with inlets delivering air at frequent intervals near 
the outer walls. When overhead ducts are undesirable, the air 
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may be brought in through wall flues in the form of pilasters sup- 
plied from ducts carried at the ceiling of the sub-basement. 

19, Fans and Heaters. — ^These are generally located in the 
basement or sub-basement, and the cold air brought down 
through a special shaft from a sufficient height to avoid drawing 
in an excess of street dust. Separate units are usually employed 
for each floor, and the entire radiating surface is sometimes 




Fig. 9. Ventflatioii of a Department Store. 

massed in the main heaters. In very large buildings a pair of 
fans may be used, one supplying each half of the floor, and each 
heater being regulated independently by a thermostat placed in 
that part of the room which it supplies. With this general ar- 
rangement night warming must be provided for by air rotation 
through the heaters, taking the supply from the basement or other 
interior source. If a sufficient air circulation is not obtained by 
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. g^vity it will be necessary to operate the fans at a very low 
speed during cold nights. 

In order to secure an effective air movement by gravity rota- 
tion it will be necessary to place the riiain heater directly at the 
base of the uptake flue leading to the room above, and the 
higher the flue the stronger will be the flow of air. 

Air filters or washers are very desirable in buildings of this 
kind on account of the damage done to goods by soot and dust. 
The washer occupies less space than a dry filter, is more effective, 
and requires less attention. When cloth screens are used a large 
area is necessary and provision should be made for removing the 
accumulation of dirt from the filtering surface by mear\s of an 
attachment to the vacuum cleaning system. 

20, Exhaust Ventilation, — It is not usual to provide exhaust 
ventilation from the main floor, as the various stairways and 
elevator shafts serve to distribute the entering air throughout the 
building, from which it passes outboard by leakage. 

In basements, which are comparatively low and without win- 
dows, provision should be made for removing a considerable pro- 
portion of the air supplied, by means of special fans. 

A typical basement lay-out corresponding to Fig. 9 is shown in 
Fig. 10. In this building the fans for ventilating both the base- 
ment and first floor are located in the sub-basement. The base- 
ment is warmed by a single main heater at the base of the uptake 
flue, and the warm air delivered at a slight angle downward near 
the outer walls. 

Exhaust ventilation is along the other side of the room 
through registers near the floor. Air for the first floor is tempered 
by a main heater near the fan and re-heated by stacks at the 
bases of the various uptake flues as shown. Rotation is secured 
by opening doors in the distributing ducts as indicated. 

Toilets, lunch rooms, etc., require the same treatment as already 
described in connection with office buildings. 

21, Volume of Air Required, — This may be based either upon 
the number of occupants or a certain number of changes per hour. 
In a large department store, erected a short time ago, the main 
floor was furnished with 75,000 cubic feet of air per minute, 
which was intended to supply a maximum of 2,500 people with 18 
cubic feet each. This volume of air gave five changes per hour 
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for the first floor and served to supply the upper stories with a 
considerable amount of ventilation at such times as the main 
floor was only partially filled. The basement of the building, 
which was used principally for receiving and shipping purposes, 
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Fie. 10. Basement Ducts and Heaters. 



was supplied with three changes per hour, which gave ample 
ventilation for the number of people regularly employed in this 
department 

22. The Warming of Entrances. — ^An important detail of store 
heating is the proper warming of the main vestibules. This 
should be done in such a manner as to reduce the entrance of 
cold air, when the doors are opened, to a minimum. The best 
results are brought about by introducing a comparatively large 
volume of warm air by means of a fan so as to maintain a con- 
siderable pressure between the two sets of doors. This has the 
effect of resisting a sudden inrush of cold air when the outer 
doors are opened and provides a supply of warm air which flows 
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into the store when the inner doors are used. The air is best 
introduced at eath side of the vestibule near the floor, and the 
result is sometimes improved by adding pne or more registers 
which discharge directly toward the outer doors. A typical ar- 
rangement of this kind is shown in Fig. 11. Waste heat is often 
utilized for this purpose by exhausting air from the basement at 
a comparatively high temperature, passing it through a shallow 
re-heater, and then discharging it into the vestibules as described 
above. 
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Fic* 1 1 • Heating Axrugemeiit for an Entrance VeatibiUe. 

SS. Arrangement of Direct Radiation, — This may be either in 
the form of cast-iron sectional radiators or wall coils as most 
convenient. Where pilasters project into the room between win- 
dows, and where the sills are low, good results may be obtained 
by the use of double return bend coils, as indicated in Fig. 12. 
When there is sufficient height beneath the windows, cast-iron 
radiators may be used if preferred, but if appearance is not im- 
portant, wall coils are cheaper to install, and give a better distri- 
bution of heat. When the building is exposed to prevailing 
winds from certain directions, as the north and west, the cooling 
effect of inleakage may be offset by increasing the direct radia- 
tion on these sides of the building. The amount of increase is 
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usually taken as that required to warm a quantity of air equal 
to approximately one change per hour of the entire volume of 
the room. In determining the radiating surface, it is first com- 
puted in the usual manner for the entire floor, for the minimum 
outside temperature assumed, and evenly distributed on the outer 
walls. Correction is then made for leakage, as noted above, 
assiuning the air to be raised from the minimum outside tempera- 
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Fic. 12 Detail of Hemtinf Coil beneath Window. 

ture to 70 degrees. Another method is to compute the radiation 
for each side of the room separately and correct for the points 
of compass as described in the following chapter. 

2If, Systems of Heating. — The same systems of steam and water 
heating are adapted to this class of work as described for office 
buildings, and the same general arrangement of piping may be 
employed. When plumbing pipes are carried in the attic or roof 
space, the overhead system of steam or water distribution is to be 
preferred on account of the heat radiated from the mains and 
branches which prevents any danger of freezing in this location. 
Again, in buildings of this type, the basement or sub-basement 
ceiling is covered with pipes and ducts of various kinds and it 
simplifies matters to place the distributing system for the heating 
in the attic. 
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Municipal Buildings. 

25. General Requirements, — This group includes such buildings 
as court houses, city halls, post-office buildings, public libraries, 
etc. 

Buildings of this type are similar in their requirements to 
office buildings, with the addition of auditoriums, committee 
rooms, reading rooms, and others of a similar nature where a 
considerable number of people are gathered together for varying 
lengths of time. The smaller rooms are usually heated by direct 
radiation, the same as in office buildings, although, in this case, 
it is more common to furnish an independent air supply also. 
This is due to the limited number of stories, which makes it 
possible to reach the various rooms either with separate flues from 
the basement or from corridor airways as illustrated in Figs. 4 
and 5. 

26, Court Rooms and Auditoriums are best ventilated by means 
of a supply fan introducing the air through wall registers 7 or 8 
feet from the floor. 

Exhaust ventilation may be partly through ceiling vents and 
partly through grilles or registers near the floor. It is not usually 
necessary to provide exhaust fans under ordinary conditions, but 
if the available flue area is restricted, they should be furnished 
with sufficient capacity to remove at least 0.6 of the air supplied. 

The location of both the supply and vent fans will depend 
somewhat upon the arrangement of the rooms. In general, it is 
best to place all ventilating equipment in the basement, thus 
making it more accessible, but when the room is at or near the 
top of the building, the fans may be located in the attic, or on 
the roof, in order to shorten the length of flues. 

If rooms, ventilated by independent fans, were to be warmed 
only while occupied, it would be much simpler to do the entire 
work by means of the main heaters. As a matter of fact, it is 
desirable to maintain a comfortable temperature when ventilation 
IS not required. Therefore, under these conditions, it is best to 
keep the two systems independent, heating by direct radiation 
and introducing the air at a temperature of 72 to 74 degrees, 
which is slightly above that of the rooms, in order to prevent 
down-drafts. 
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Sometimes it is possible to use supplementary stacks at the 
bases of the flues, which may be utilized as rotation heaters when 
the fan is not running. 

This arrangement, however, is often difficult to carry out satis- 
factorily in practice owing to the building construction. 

If there are high windows it is well to ad- 
mit a portion of the air through narrow slots in 
"^ the si!Is, placing re-heaters below, as shown in 
Fig. 13. 
These stacks should be in addition to the direct 
radiation, as they have but little heating value, unless 
doors can be opened into the connecting duct to admit 
warm air from a ba^^enient room, when the fan is not 
running. Under this cf>ndition they may be counted 
the same as direct radiation in the room. 

;^7. Committee Roojns and Offices, — These are best 
heated by direct radiation and may be ventilated by 
means of a special fan or connected with the main 
fan supplying the court room. While the dupli- 
cation of equipment is to be avoided on the score 

of economy, elaborate 
^^^^^^^^^^^^^^^^^^f^^ arrangements of switch 
~P\^ r dampers, and the chang- 
^^Hr ^^-^-^ ing of fan speeds and 
heating surfaces from 
time to time to meet 
varying requirements, 
complicates the opera- 
tion of the plant and 
often results in impaired 
efficiency. Hence, economy of first cost and convenience of opera- 
tion should both be considered when deciding upon the most satis- 
factory arrangement. 

Leakage may commonly be depended upon to remove the air 
from rooms of this kind, although in committee rooms, and others 
where sessions are likely to be held with closed doors and 
transoms, it is best to provide vent flues connecting with a shaft 
leading outboard. Exhaust fans are not usually required in cases 




FIc* 13 Heater for Preventing Down-Drafts from 
^Hndows. 



Digitized by 



Google 



HEATING AND VENTILATING REQUIREMENTS 



21 



of this kind as the slight pressure within the room is sufficient to 
force the air out 

28. Post-0 ffice Buildings. — ^The treatment here will depend 
somewhat upon the size of building. Ordinarily the smaller offices 
and corridors are heated by direct radiators, while the main work 
room is furnished with ventilation, either by means of a fan or 
indirect gravity radiation. When the latter arrangement is em- 
ployed the stacks are usually made of sufficient size to heat the 
air supply to about 75 degrees in the coldest weather and direct 
radiation provided for independent heating. If preferred, venti- 
lation and heating may be done by the same stacks, provided air 




Fig. 14. Detail of Radiator Connections and Air Flues. 

rotation can be arranged for when ventilation is not required. 
In all larger buildings, where the main work room is in use day 
and night, this provision is not necessary as ventilation will be 
required at all times. 

29. Libraries. — Small buildings of this kind are usually heated 
by a combination of direct and indirect radiation, the latter 
furnishing ventilation for the more important rooms,, such as 
reading and reference rooms, private offices, etc. In larger build- 
ings a fan system should replace the indirect gravity stacks and 
the heating should be done independently. If the building con- 
tains an auditorium or lecture room it should be treated in a 
manner similar to that described for court rooms. 



Digitized by 



Google 



22 COMBINED POWER AND HEATING PLANTS 

50, Air Volume. — This should be based upon the probable 
number of occupants, so far as possible, in the larger rooms, 
with four or five changes per hour in the smaller ones. 

51. Flue and Radiator Arrangements. — A typical flue and radi- 
ator lay-out for this class of work is shown in Fig. 14. The 
radiator is placed beneath the window in a recess formed by 
pilasters at either side. 

The supply flues connect with ducts at the basement ceiling and 
are carried up within the pilasters, together with the steam and 
return pipes, as illustrated in the cut. The run-outs to the radi- 
ators may be either in spaces beneath the tiling or above the floor, 
with provision for expansion as indicated. 

Details already shown in connection with other buildings may 
also be adapted to this class of work. 

Hotels. 

32. Rooms Specially Considered. — ^The rooms requiring special 
treatment in the case of hotels and club houses are the dining and 
grill rooms, bar room, smoking room, billiard room, kitchen, 
toilets, and lavatories. 

Buildings of this class are commonly heated by direct radiation, 
supplemented by re-heaters in connection with the ventilation of 
the more important rooms. 

As this work does not differ essentially from that already de- 
scribed for other buildings under similar conditions, it need not be 
duplicated here. 

S3. Main Lobby and Office. — This, in buildings of small and 
medium size, is simply heated by direct radiation without making 
any attempt at artificial ventilation. In large hotels of the better 
class this room should be furnished with a generous supply of 
fresh air, and may, if desired, be warmed by increasing the size 
of main heater and combining the two processes in one. As 
buildings of this kind are in continuous use day and night the 
fan will always be running, hence, independent heaters are not 
required for this particular room, except under the special condi- 
tions mentioned later. If it is desired to reduce the amount of 
ventilation during the latter part of the night, the fan may be 
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slowed down so as to move just enough air to bring in the re- 
quired amount of heat. 

Exhaust ventilation is not commonly provided, the air being al- 
lowed to pass up the stairways and elevator shafts and find its way 
out by leakage from the upper floors. If, in any case, this room 
is rather low, it is well to provide a sufficient number of ceiling 
vents to carry off tobacco smoke, and even with high or vaulted 
ceilings, it may be advisable to assist leakage somewhat in order 
to prevent odors of any kind from passing to the rooms above. 

SJf. Dining Room, — This requires positive ventilation, which is 
best secured by the use of fans. The heating may be done inde- 
pendently or it may be combined with the ventilating system as 
described for the main lobby. Sometimes the same fan is made 
to supply both rooms, being slowed down somewhat when the 
dining room is not in use. Each room, however, should have its 
own heater in this case, automatically controlled by a thermostat 
placed in the room. The air should first be drawn through a 
primary or tempering coil and its temperature raised to about 
74 degrees and then blown through the supplementary heaters 
on its way to the rooms. When each room is provided with 
an independent ventilating unit, only one heater is required for 
each. This should be made up of several sections, part con- 
trolled by hand and part thermostatically. In general, the air 
is best introduced at an elevation, either in the window sills 
or through registers in the outer walls. When the system is 
used in summer, for cooling, separate inlets are sometimes pro- 
vided near the floor which may be thrown into use by means 
of switch dampers. The reason for this is to avoid cool drafts 
from the falling air which are likely to occur when it is intro- 
duced from above. Exhaust ventilation should be partly at the 
floor and partly at the ceiling, to give a slight upward current 
in case there is smoking in the room. The air volume should be 
based upon the maximum seating capacity, allowing at least 40 
cubic feet per minute per occupant. Grill rooms should be treated 
in a similar manner, either from the same or an independent 
system. Here there is likely to be more smoking and a much 
larger proportion of the exhaust should be through the ceiling. 
As the dining room is usually located directly above the kitchen 
and communicates with it through lifts and serving rooms, a 
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plenum condition should be maintained which will produce a con- 
tinuous flow of air outward. This may be accomplished by ex- 
hausting artificially only about 60 per cent of the air supplied. 

35. Bar and Smoking Rooms, — The air flow from these rooms 
should be strongly outward to prevent smoke and the odor of 
wines and liquors from passing into other parts of the building. 
A very satisfactory plan for rooms of this 
kind is to heat them by direct-indirect radi- 
ators, taking air from out of doors, and 
ventilating wholly by exhaust at or near the 
ceiling. By this arrangement there is no 
pressure within the room and the air move- 
ment is always toward the ceiling. Direct- 
indirect radiators, of the form shown in 
Fig. 15, are particularly adapted to these 
conditions because they not only furnish 
heat but also allow fresh air to be drawn in 
by suction to replace that exhausted at the 
ceiling. Rooms of this type should have at 
least eight complete changes of air per hour. 
36, Billiard Rooms, — Rooms of this gen- 
eral character, which include lounging and 
reading rooms, may be heated in a similar manner to the main 
lobby. They should have from four to five changes of air per 
hour, and be arranged for exhaust ventilation with a part of the 
vent registers near the ceiling to remove the smoke. If isolated 
from other rooms it may be necessary to provide special fans for 
this section of the building, but it will usually be possible to 
combine these rooms with others, such as the main lobby or 
smoking room. When this is done it will be necessary to supply 
tempered air, and warm the rooms independently, either by direct 
or supplementary heaters. 

37. Kitchen. — This should be provided with a strong exhaust 
ventilation in order to prevent any outward air movement to other 
parts of the building. The main part of the kitchen ventilation 
should be local rather than general. That is, it should be largely 
through hoods over the range, oven doors, vegetable steamers, 
soup-kettles, coflFee urns, or any other piece of apparatus where 
smoke, steam or odors are likely to be generated. In addition to 




Fig. 15. Detail of Direct- 
Indirect Radiator. 
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this, there should be means for removing heated air from the 
upper part of the room when required, through openings con- 
trolled by dampers. The air supply may be partly from other 
rooms, such as serving room, servants* dining room, etc., and 
partly from out of doors through a special duct. Cool air is best 
admitted near the ceiling in front of the range through elbows 
which may be revolved to discharge in any direction desired. 
Ordinarily there will be enough heat at the upper part of the 
room to warm the entering air sufficiently to prevent uncomfort- 




FiC. le. Ventiktioii of a Large Kitchen. 

able down-drafts, but in very cold weather, it is usually necessary 
to provide a heater for tempering it somewhat. This intake, as 
well as the ceiling vents, should be under control by means of 
adjustable dampers. In the largest hotels where it is not possible 
to secure the required amount of fresh air in this way, supply 
fans and tempering coils should be provided, taking care that the 
volume supplied does not exceed about 60 per cent of that ex- 
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hausted. A diagram illustrating the general scheme of ventila- 
tion for a kitchen is shown in Fig. 16. 

Efficient hood ventilation depends upon the removal of air at a 
high velocity through a comparatively small opening rather than 
at a low velocity acting over a large area. 

This condition may be secured in practice by constructing the 
hood as shown in Fig. 17, in which case the air is drawn partly 
through openings in the top of the hood and partly through a 
narrow slot, about an inch in width, extending around the entire 
perimeter. 
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Fig. 17. Fie 18. FIc. ■•• 

Fig. 17. Ventiktinc Hood for lUace* 

Fig. 18. Ventiktiiic Hood for Otmi. 

Fie. 18. VentUatiiic Hood for VegeteUe Steuner. 

Smoke and hot air rising from the range first strike the curved 
deflector, move forward as indicated by the arrows, and are 
caught by the strong suction at the edges of the openings and 
drawn into the vent flue. To secure the best results the velocity 
through these openings should not be less than 500 feet per 
minute. 

Arrangements for the ventilation of ovens and vegetable 
steamers are shown in Figs. 18 and 19, respectively. In the case 
of an oven the greatest amount of heat is given off when the 
doors are opened, hence the hood should be placed directly above 
them to catch the outward rush of hot air before it can pass any 
distance into the room. In Fig. 19 it will be noticed that the slot 
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arrangement is made use of as previously described. Kitchens 
should be provided with fifteen to eighteen changes of air per 
hour if less than 14 feet in height. 

Provision should first be made for securing the required 
velocity through the hoods, and ceiling vents furnished for the 
remainder of the work. 
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Fig. 20. Tottet VentiUtioii tiinnigli 
Closed Chamber. 

All ducts and flues beyond the range connections should be 
made fire-proof on account of the inflammable coating formed on 
the inside from the vaporized oils generated in cooking. When 
constructed of metal, No. 12 black iron should be used, insulated 
with block covering finished with cement. A fire damper, held 
open by a fusible link, should be provided to shut off the flue 
automatically in case of fire and thus check the draft. The 
same device should also be arranged to stop the fan motor at the 
same time. 

S8. Toilets and Lavatories. — Toilet rooms should be ventilated 
mainly by an exhaust through the fixtures. One of the most sat- 
isfactory arrangements is that shown in Fig. 20. Here a closed 
chamber of slate or marble is provided back of the seats and 
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urinals which also serves to conceal the various plumbing con- 
nections. Into this chamber are connected the local vents from 
the fixtures, which are usually from 3 to 4 inches in diameter. 

A suction or exhaust is best produced by means of a fan as 
indicated in the cut. The velocity through local vents should not 
in general be over 200 or 250 feet per minute on account of drafts. 
After computing the air volume passing through the fixtures the 
remainder of the six or eight changes per hour may be provided 
for by general ventilation through adjustable registers. Room 




Fig. 21. Toilet VentilAtioiithroiicli 
Separate Pipes. 

vents are best located near the floor and are often connected with 
the closed chamber back of the fixtures. When this is done, ad- 
justments should be so made that they will not interfere with the 
assumed velocity through the local vents. A similar arrangement 
without the closed chamber is shown in Fig. 21. Lavatories are 
usually in the same room with the toilets and therefore do not 
require special treatment. When by themselves, general room 
ventilation is all that is required, placing the vents principally at 
the floor with a small proportion above the bowls to carry off 
any steam which may rise to the upper part of the room. 
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Hospitals and Institutions. 

S9. Systems of Ventilation Employed, — ^Until recently the most 
approved method of heating and ventilating hospitals has been by 
means of the closed system, so called, in which the windows are 
kept shut and all air introduced through indirect heaters either 
by means of a fan or by gravity. This system, when applied to 
city buildings, usually includes some form of air filter or washer, 
and special attention is also given to maintaining a uniform tem- 
perature day and night. 

Within the past year or two investigations have been carried 
on which seem to indicate that while the above conditions are 
ideal, theoretically, better results are secured in practice by ad- 
mitting a certain amount of fresh unheated air through the win- 
dows and by varying the temperature somewhat from time to 
time during the day. 

Some well-known physicians even go so far as to recommend 
the abolishing of artificial ventilation, except for a certain amount 
of exhaust, and admitting the entire air supply through open 
windows. 

While heating engineers are not ready, at present, to accept 
such radical changes, there seem to be good reasons for believing 
that a considerable amount of window ventilation may be made 
use of to advantage and that a certain temperature variation is 
desirable. Hospitals are particularly well adapted to window venti- 
lation because the occupants of the wards, being in bed, are easily 
protected by extra blankets and by the use of screens, a condition 
which is not found in other buildings to any extent Again, 
hospital patients occupying the same rooms continuously do 
not experience the changes in temperature which come to the 
average well person who is attending to his regular duties. Hence, 
special care should be taken to vary the temperature at different 
periods in order to secure this change artificially. If the wards 
are provided with automatic regulation the thermostats may be 
set to carry a somewhat lower temperature at night than during 
the day. Of course careful discrimination must be used in putting 
these methods into practice and the patient's condition should be 
considered in each individual case. 
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40. Selecting a System. — In view of the above, it would seem 
that in selecting a system of heating and ventilation for a hospital, 
provision should be made for both the "open" and "closed" 
methods, so they may be used alternately, or combined, as condi- 
tions seem to indicate. Such an arrangement is comparatively 
simple, the only requirement being to make the heating and venti- 
lating systems independent, so that on mild days or at any time 
when it is desired to flush out the wards with fresh air, the fans 
or other source of air supply may be shut down, the windows 
opened, and the heat supply increased, if necessary, to maintain 
a comfortable temperature within the rooms. 

41. Types of Hospitals. — Hospitals are of two general types, 
the large city institution consisting of buildings several stories in 
height, and those built on the cottage plan, usually found in the 




Fig. 22. open Tjrpe of 
Direct Radiator for Hospitals. 

suburbs and smaller cities where land is less expensive. These 
two classes of buildings require special treatment and will be 
taken up separately. 

42. City Institutions. — ^The desired results are best obtained in 
this case by placing direct radiators in the rooms and supplying 
tempered air by means of a fan. Vent flues should be provided 
for use when operated as a closed system. The radiators should 
be of the open type, shown in Fig. 22 to facilitate cleaning. These 
are still better adapted to their work if the legs are omitted and 
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they are supported from the wall by brackets. Direct radiators 
used in this way should be of ample capacity and are best located 
beneath the windows in order that the air may be tempered some- 
what as it enters. In the closed system, supplementary heaters 
are commonly used at the bases of the flues. These, however, 
have but little heating effect when the supply fan is shut down, 
thus making it necessary to rely upon direct surface when window 
ventilation is to be practised. 

If there is ample flue space the exhaust ventilation may be 
under gravity circulation, assisted by an aspirating coil to prevent 
down-drafts when the supply fan is not running. Vent flues 




Fig. 23. 



Vent Chamber with Aspirat- 
ins Heater. 



from the various wards should be connected with one or more 
gathering chambers, each having a coil or heater placed in a 
manner similar to that shown in Fig. 23 and so arranged as not 
to reduce the area of the main shaft. 

When the flues are necessarily of small size, or contain numer- 
ous offsets, it is best to employ a fan rather than an aspirating 
coil. Fans of the disk type require but little power when used 
in this way and are positive in their action under all ordinary 
conditions. 
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With the arrangement shown in Fig. 24 the fan may be shut 
down and the air by-passed through the damper in cold weather 
when there is a strong natural draft. All dampers of this kind, 
which require more or less frequent manipulation, should be 
operated pneumatically from a central switchboard. 

The supply and vent flues in buildings of this type are usually 
carried up in the corridor or inside walls, although division walls 
between rooms may be utilized if necessary to obtain the required 
space. Both of these arrangements are illustrated in Fig. 25. A 
tj'pical lay-out for a three-story building is shown in diagram in 
Fig. 26. The heating is done by direct radiation and is therefore 
independent of the ventilating system. Fresh air may be supplied 
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Fig. 24. Vent Cluunber with Exhaust Fan. 

either by a fan located in the basement or through open windows, 
as desired. Vent flues are carried from each room to a gathering 
chamber, from which the air is exhausted outboard by means of a 
fan provided with a by-pass as illustrated in Fig. 24. 

l^S. Cottage Hospitals. — Institutions of this kind consist of a 
group of comparatively small buildings, usually one and two 
stories in height. Owing to their small size and the available flue 
space, it is not customary to employ fans in buildings of this type, 
except in connection with special rooms. There are two common 
methods of heating the wards, both of which are adapted to win- 
dow ventilation when desired. In the first of these, direct radia- 
tors are used for warming, the same as in larger buildings, but 
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the tempered air is furnished by indirect gravity heaters instead 
of fans. When window ventilation is used the outside air supply 
to the stacks is shut off. In the second method the indirect stacks 
are made large enough for both heating and ventilation and the 
direct radiators are omitted. Provision should be made in this 
case for air rotation when the air supply to the heaters is shut 
off and window ventilation is in use. Discharge ventilation is 
practically the same in both cases, and through individual vent 
flues from the wards which are gathered into a central shaft in 
the attic. In one-story buildings the best results are obtained by 
placing loops of steam pipe in the flues leading from the smaller 
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CORRIDOR 
Fig. 25. Arrangement of Radtmtors and Flues for a Large Institution. 

rooms, although a single coil in the main outboard shaft is some- 
times used instead. 

A typical section through the main ward of a one-story building, 
heated by direct radiation, is shown in Fig. 27. A very satis- 
factory arrangement for combined indirect heating and ventilating 
is illustrated in Fig. 28. In each case, the entire basement under 
the main ward is made use of for a cold-air chamber and the 
lieater casings are constructed with open bottoms as indicated in 
the cuts. The warm air in Fig. 28 is admitted beneath the win- 
dows instead of at an elevation so as to temper the entering cold 
air when window ventilation is employed. Air rotation for 
warming at such times is secured by closing the cold-air inlets to 
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the basement and opening the rotation registers at the end of 
the ward which allow sufficient air to pass from the room into 
the basement air chamber to produce the necessary circulation 
through the heating stacks. 




Fis. 26. DUgnua of Heating and Ventihitiiig System for a Large Hospital. 

In both of the methods described, the temperature of the enter- 
ing air is regulated by mixing dampers at the stacks. 

^^. Contagious Wards. — ^These are always located in isolated 
buildings, but even under this condition care should be taken to 
cut off communication, as much as possible, between wards con- 
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taining different diseases. All supply ducts in a gravity system 
should be kept separate from each room back to the outer air, or 
at least to a trunk line well beyond the heater, in order to prevent 
dust being carried from one room to another by back-drafts 
through the ducts. 

Vent flues should be run independently to the attic gathering 
chamber for the same reason. With a fan system there is not so 
much danger because the air currents are always in the same di- 




Fig. 27. Direct Heating and VentOatiQii for A Cottai«HMpitaL 

rection when the fan is in use, although the same condition occurs 
in a measure when the equipment is shut down. This is guarded 
against in some cases by placing electrically controlled dampers 
in the ducts which close automatically when the fan stops. 

45, Operating and Etherising Rooms, — ^These rooms should be 
provided, in addition to the regular ventilating system, with 
special exhaust fans of small size under control of the physicians 
for clearing the air of ether fumes during or after an operation. 
Fans for this purpose should be of sufficient capacity to change 
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the air of the room in four or five minutes and should be ar- 
ranged to draw from a point near the ceiling and discharge di- 
rectly outboard. 

Cool down-drafts from the large window above the operating 
table may be guarded against by placing two or more lines of 
steam pipe between the sashes. Operating rooms should be pro- 
vided with sufficient heating capacity to raise the temperature to 
80 degrees, if desired. 




Fig. 28. Indirect Heating and Ventilation for a Cottage HospitaL 

46. Toilets and Service Rooms, — Toilets, bath rooms, diet 
kitchens, serving rooms, etc., are best heated by direct radiation 
and provided with exhaust ventilation only. It is well in rooms 
of this kind to place the vent outlets at an elevation at least 7 
feet above the floor in order to carry off any vapor which may 
rise from tubs, steam tables, or gas stoves. 

47. Corridors and Sun Rooms. — These are commonly heated 
by direct surface in the form of circulation coils or radiators 
placed along the outer walls. Corridors require no special venti- 
lation and open windows will usually suffice for the sun rooms. 
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4S. Laundry, — This is an important department of a hospital 
or similar institution and should receive brief mention at this 
point. Unless a laundry is properly ventilated it becomes greatly 
over-heated, and as the air contains a high percentage of moisture 
the conditions are very enervating to those employed there. 
While open windows and roof ventilators may answer all 
purposes in warm weather, the free admission of cold air in the 
winter causes dangerous drafts and excessive condensation. One 
of the most effective methods of ventilation for rooms or buildings 
of this kind is shown in diagram in Fig. 29, and consists in the 
removal of warm moist air from the upper part of the room 
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Fig. 29. System of Heating And Ventilation for a Laundry. 

and the admission of fresh tempered air at one or more inlets 
to take its place. Heat and moisture should be exhausted, so 
far as possible, from the points where they are generated, and 
the best results are obtained by placing hoods over the washers, 
mangles, etc., and connecting them with an exhaust fan discharg- 
ing outboard. A certain amount of general room ventilation 
should also be provided by means of ceiling ducts and registers 
as indicated. The special form of hood construction shown in 
Fig. 17 will not be required in this case as any steam which 
passes into the room will be carried off by the ceiling vents above 
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mentioned. The entering air is tempered by passing through 
shallow heaters consisting of cast-iron sections, of the pin or other 
similar type, which give ample space between them. These 
heaters should be made up of separately valved groups so that 
the temperature of the air may be easily regulated. Provision 
should also be provided for closing off the inlets by means of ad- 
justable dampers or shutters. Direct radiators or coils are re- 
quired beneath the windows to offset the effect of leakage and 
heat transmission and to warm the room when the ventilating 
equipment is not in use. 

1^9, Air Volume for Hospitals. — The air supply for the wards 
should be based upon the number of occupants, allowing at least 
80 cubic feet per minute each, in general and private wards, and 
100 cubic feet in contagious wards. Toilets, bath rooms, diet 
kitchens, etc., should have from five to six changes per hour, and 
laundries from ten to twelve changes. 

50, Heating by Steam and Hot Water, — Both steam, and hot 
water under forced circulation, are adapted to hospital work. 
Steam is the simpler for all forms of indirect heating, where 
temperature regulation is secured by mixing or by-pass dampers. 
It also has the advantage that danger of freezing in closed sections 
is avoided. Hot water on the other hand, is more easily regulated, 
unless automatic control is provided, and is therefore especially 
adapted to direct heating, both in large buildings and in groups 
of smaller ones. 

Theaters. 

51, Arrangement of Ventilating System, — The general scheme 
followed in the heating and ventilation of large modern theatres 
makes use of fans for both supply and exhaust, while the warm- 
ing is done partly by indirect and partly by direct radiation. The 
main auditorium usually has but little outside exposure, so after 
it is once warmed, the animal heat from the audience is generally 
sufficient to maintain the desired temperature even in the coldest 
weather. 

52, Supply Ventilation, — The most satisfactory method of sup- 
plying fresh air to rooms of this kind is to introduce the greater 
part at a low velocity through a large number of small openings 



Digitized by 



Google 



HEATING AND VENTILATING REQUIREMENTS 



39 



beneath the chairs. A common arrangement of air distribution 
is illustrated in Fig. 30 which represents a section through a 
theatre or opera house of large size. 

Plenum spaces are provided under the floors of the main audi- 
torium and balconies and connected with one or more supply fans, 
usually located beneath the entrance where the basement has its 
greatest height. The air is best delivered to these spaces through 
several ducts having flaring mouthpieces provided with vanes for 
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Fif. 30. VentiUting System for a Large Opera House. 

diffusing the air and thus equalizing the pressure as much as 
possible. 

The fans may usually be made to discharge directly into the 
lower space, while' flues concealed in the side walls or central 
columns carry it to the balconies. The air is admitted through 
the floor in different ways, but usually by means of "mushroom" 
ventilators placed beneath the chairs, or in the spaces between 
them. The general form of this type of inlet is shown in Fig. 
31, and is such as to deflect the entering air downward, thus 
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tending to diffuse it without sensible drafts. The same result 
is sometimes secured by means of perforated chair legs, of the 
form shown in Fig. 32. Private boxes should each be supplied 
with fresh air through special galvanized iron flues run in the 
walls or wherever the building construction permits. Flues of 
this kind should connect with special ducts leading back to the 
fan. If made to take their supply from the plenum spaces there 
will not be sufficient air pressure to produce the required velocity 
within them. 

Foyers, waiting rooms, dressing rooms, offices, etc., are 
usually supplied by the main fan, although a separate one is 
sometimes used on account of complications in temperature 
regulation. 
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Etfr 31. Section tiirougfa a "Mtwhroom** 
Ventilator. 

63. Exhaust Ventilation. — The exhaust or discharge ventila- 
tion should be partly through the ceiling of the main auditorium 
and partly through the low ceilings above the balconies, as in- 
dicated in Fig. 30. The flow should be especially strong 
through the latter vents else the air will become pocketed in 
these low spaces and the balconies be overheated. 

The ceiling vents are connected in the roof space with a 
centrally located chamber from which the air is discharged 
outboard by means of exhaust fans. 

Smoking rooms and toilets, which require especially strong ex- 
haust ventilation, are best provided with a separate fan and may 
be treated in the same general way as described in connection 
with hotels. 
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54. Air Volume. — ^The air volume for a theater is commonly 
based upon the number of occupants, allowing at least 25 cubic 
feet per minute each. This is somewhat less than is provided in 
schoolhouses and similar buildings, partly on account of the 
large cubic space per occupant, but principally because the air 
movement is continuously upward and the impure air passes di- 
rectly from the breathing line to the ceiling vents. 

Foyers, waiting rooms, dressing rooms, etc., should have from 
six to eight changes per hour, and smoking rooms and toilets, ten 
to twelve changes. 




Fig. 32. VentiUting Chair 
for Theaters. 

55. Heating. — The auditorium is warmed principally by the 
general air supply, which is commonly brought in at a tempera- 
ture of 65 to 75 degrees, but usually below 70 degrees when 
occupied. 

Outside wall exposures are provided for by direct radiation, 
which may be in the form of screened or recessed radiators, or 
pipe coils, according to location. Foyers and waiting rooms are 
warmed both by supplementary heaters and direct radiators. 
When the latter are used in passageways they should be placed 
in recesses so as not to obstruct the floor space. Dressing rooms 
are best heated by direct radiation independently of the 
ventilation. 
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66. Temperature Regulation, — The temperature of theatres 
and auditoriums is best regulated by two thermostats, one placed 
in the room and set to maintain a uniform temperature of 68 or 
70 degrees, and another in the duct or plenum space set to pre- 
vent the entering air from falling below 65 degrees, regardless 
of the room temperature. 

Air cooler than this will prove uncomfortable when admitted 
near the feet and should be guarded against in this manner. 
The thermostats above mentioned are connected with pneu- 
matic valves or mixing dampers and control the main heater at 
the fan. Other rooms are controlled independently by means 
of valves upon the supplementary or direct radiators. The air 
to these rooms may usually be taken from the main supply 
because its temperature rarely exceeds 70 degrees under ordinary 
conditions. 

The main heater in all cases should be arranged for air 
rotation for heating the auditorium quickly without ventilation. 

Technical and Trade Schools. 

67. Special Requirements, — Next to hospitals in their require- 
ments for efficient methods of heating and ventilation are the 
school buildings of different types. Technical and trade schools 
are included in the present list, because they often generate their 
own power, and therefore, present problems similar to those 
found in other large buildings combining power and heating 
in the same plant. So far as general classroom ventilation is 
concerned the methods employed in buildings of this kind do 
not differ from those in the ordinary city high school. In addi- 
tion, however, technical schools contain rooms which require 
special treatment, such as machine and wood-working shops, 
laboratories, foundries, etc., thus making the problem somewhat 
more complicated in its details. 

68. Ventilation, — ^\Vhat has already been said in connection 
with hospital ventilation applies in a certain way to schools. 
While drafts or air currents do not appear to be harmful, but 
rather the reverse when at the room temperature, it is not ad- 
visable to allow cool air to strike directly upon the occupants of 
a room unless they are especially protected against it by suitable 
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clothing. This may be carried out to a certain extent in hos- 
pitals, but except in mild weather, window ventilation in school 
buildings is usually confined to a thorough flushing out of the 
rooms during recess and the noon hour. 

Here, as in most of the other buildings mentioned, it is 
necessary to keep the heating and ventilating systems separate 
in order to control the temperature in the different rooms. While 
supplementary heaters at the bases of the supply flues are 
still used to a considerable extent, direct radiation seems to 
be growing in favor for this class of work and has been used 
in many of the larger buildings recently erected. This makes 
it possible to introduce the fresh air at the normal temperature 
of the room, which seems to be a matter of considerable im- 
portance in maintaining its out-door quality. 

59, Air Volume. — ^The air supply to buildings of this type 
should, in general, be based upon 50 cubic feet per minute per 
occupant for class rooms, recitation rooms, laboratories, etc. 
Corridors and recreation rooms should have at least four changes 
per hour. In the case of forge shops and foundries, which are 
often of considerable height, sufficient air should be supplied 
to make five or six changes per hour over a zone 12 feet in height. 

Toilet rooms and lavatories may be treated the same as in 
hotels and office buildings. 

60. Air Supply and Removal. — There are two general systems 
of air distribution employed in buildings of this kind, one of 
which is shown in diagram in Fig. 33. In this arrangement, 
which is especially adapted to buildings not over three stories in 
height, the fresh air distributing ducts are run either under- 
ground or at the basement ceiling and the vertical flues carried 
up in banks to the different floors as shown. 

The main supply duct is commonly made to follow the line of 
the corridors with branches leading to the various uptakes. 

An even distribution to the different rooms is secured by 
means of adjustable deflectors at the junctions of the branches 
with the main duct, supplemented by dampers in the vertical 
flues. 

Discharge ventilation is due to the slight pressure within the 
rooms produced by the action of the fan and no exhausters or 
aspirating coils are usually required. The vent flues are car- 
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ried up separately to the attic, where they are joined into main 
shafts extending through the roof as indicated. The outboard 
vents should be provided with hoods, and dampers placed be- 
neath them are necessary for shutting off the flow of air when 
school is not in session. 
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Fig. 33. Diagram of VentUating System for a Large School 
Building. 

The first floor plan of a small building employing this method 
of ventilation is shown in Fig. 34, and illustrates the general 
arrangement of the flues. Either direct radiaton or supple- 
mentary heaters may be used with this system, as desired. 

In the example shown, the class and recitation rooms employ 
the latter method of heating, with direct radiators at the en- 



Digitized by 



Google 



HEATING AND VENTILATING REQUIREMENTS 



45 



trances. Foot-warmers are placed in the main corridor near 
the centre as indicated. 

The other general method of air distribution referred to is 
illustrated diagramatically in Fig. 35. This arrangement is 
especially adapted to comparatively high buildings and where 
it is desired to eliminate the large distributing ducts from the 
basement. It is similar to the scheme already described in con- 
nection with office buildings and consists of a main distributing 
duct on the corridor ceiling of each story, supplied by an in- 
dependent flue from the basement fan. Corresponding vent ducts 
are run parallel with the supplies and are connected with an 
exhaust fan usually located at the top of the building. An even 
air distribution is secured by means of regulating dampers which 
are permanently adjusted when the plant is installed. Connec- 
tions between the corridor ducts and the rooms are illustrated 




Fig. 34. Flue Amngement for a School Buildliig. 

in Fig. 36. The first-floor plan of a building employing this ar- 
rangement is shown in Fig. 37. 

This scheme of ventilation can only be used to advantage with 
a system of direct heating as it offers no practical opportunity 
for the installation of supplementary heaters. The diagrams 
shown in Figs. 34 and 37 are for illustrating principles rather 
than details of construction. 
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The same general arrangements may be enlarged to meet 
almost any condition and are often combined to advantage in 
buildings of large size. Although omitted from the diagrams, 
filters and air washes form an important detail in the equipment 
of large city schools. 

61, Heating. — When supplementary heaters are used at the 
bases of the flues provision should be made for admitting inside 

air to the main duct for 
gravity warming when the 
fan is not running. Temper- 
ature regulation is secured 
either by attaching pneu- 
matic valves to the supple- 
mentary heaters, actuated by 
thermostats in the rooms, or 
by the use of mixing dam- 
pers which by-pass a suffi- 
cient amount of tempered air 
around the heaters to give 
the desired temperature. 
With the first method the 
amount of heat stored in the 
stack is often sufficient to 
raise the temperature of the 
room somewhat after steam 
is shut off, and for this rea- 
son the best results are usu- 
ally obtained by the use of 
mixing dampers operated by 
graduated thermostats which 
proportion the heat supply 
to the actual requirements at 
all times. 

The advantages claimed for direct-indirect heating are the 
elimination of direct surface from the rooms, compactness of 
the piping system, and the avoidance of over-heating in the case 
of those sitting near the coil and radiators. 

Direct heating, in buildings of this kind, has the advantage 
of distributing the heat where most needed, along the outer 




Fig. 36. Dimcnun of Ventilatinc System 
for High BuUdings. 
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walls and beneath the windows, and requires no shifting of 
dampers or opening of doors for keeping the building warm 
when the fans are shut down. 

Temperature regulation is best secured in this case by placing 
pneumatic valves upon the direct radiators and coils. In both 
systems the fresh air supply is maintained at a constant tem- 
perature by means of a duct thermostat attached to one or more 
sections of the main heater, or to a 
by-pass damper leading around it. 

Air rotation, for quick warming, 
should always be provided when pos- 
sible. With the arrangement shown 
in Fig. 33 a door opening into the cold- 
air room back of the heater, and con- 
necting with the main corridors, will 
answer the purpose if the class room 
doors are left open to complete the 
circuit. 

In Fig. 35 rotation is secured by 
means of a pair of rotation dampers 
connecting the cold-air downtake with 
the vent uptake at the third-floor 
level. When these are thrown, as in- 
dicated by the dotted lines, air passes 
from the rooms through the vent reg- 
isters in the usual manner, and then, 
instead of passing to the exhaust fan, 
is returned to the cold-air chamber. 

In general, class rooms, drawing 
rooms, laboratories, etc., should be 
maintained at a temperature of 68 to 
70 degrees, while 62 to 64 degrees is 
sufficient for corridors, manual training rooms, shops, assembly 
halls and toilets. 

62. Lecture Rooms. — These are usually provided with raised 
seats having a space beneath. In cases of this kind the best re- 
sults are obtained by discharging the air supply into this space 
by means of a diffusing outlet and admitting it to the room 
through mushroom ventilators beneath the chairs as in theatres. 
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Fie 36. DetaU of Corridor Air 
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Digitized by 



Google 



48 



COMBINED POWER AND HEATING PLANTS 



Exhaust ventilation may be the same as for class rooms, that 
is, through wall registers near the floor at the sides of thte 
speaker's platform. A good arrangement for heating a room of 
this kind is to place a double coil at the rear, beneath the raised 
floor, with a line of narrow register faces above. 

In the case of interior rooms, lighted from above, sufficient 
heat may usually be furnished by the use of steam coils carried 
around the chamber between the upper and lower sashes. A 
typical lay-out for the heating and ventilation of a lecture room is 
shown in Fig. 38. 

63. Gymnasium. — Many large city high schools contain a 
g3rmnasium which should receive careful attention when laying 
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Fig. 37. Typical Floor Plan with Air Distribution at the Ceiling. 

out the general system of heating and ventilation for the 
building. 

Rooms of this kind should be furnished with an abundant 
air supply while in use. This is best admitted at a height of 
about 8 feet and exhausted from a point near the floor. When 
there is an elevated running track a portion of the air may be 
admitted 7 or 8 feet above it in order to distribute the supply 
as much as possible. Investigations show that a temperature 
of about 60 degrees, and a relative humidity of 45 to 60 per 
cent are the most satisfactory for rooms of this kind. 
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As a gymnasium is in use for only a portion of the time it 
should be arranged for independent operation by means of 
separate air ducts and lines of piping. Sometimes in large and 
important buildings it is provided with special fans and heaters. 

64, Laboratories and Kitchens, — Chemical laboratories should 
be supplied with fresh air in the same manner as a standard class 
room, but a considerable portion of the discharge ventilation 
should be through the hoods or other exhaust openings under 
a strong suction. 

Chemical hoods are most effectively ventilated when con- 
structed on the general principle already shown in Fig. 17. A 
hood of this type, adapted to chemical work, is illustrated in 
Fig. 39, In certain processes a down-draft through the top of 




Fif. 38. Air Distribution and Heating Coil for a Lecture Room. 



the desk or table is preferable to a hood, this being especially 
true in case of the instructor's table where a hood would obstruct 
the view from the seats. All hoods and draft outlets containing 
chemical fumes should be connected by means of tile pipe with 
a special exhauster so constructed as to resist corrosion. In 
laying out the vent ducts the amount of air necessary to 
produce the required velocity through the hoods should first be 
computed and the remainder of the discharge turned into the 
regular system, as general or room ventilation, through a register 
near the floor. In physical and electrical laboratories the heat- 
ing pipes should be of brass to avoid the magnetic effect of iron. 
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Kitchen ventilation, in connection with lunch rooms and cook- 
ing departments, may be treated in a similar manner to that al- 
ready described for hotels, although the requirements will be 
much lighter owing to the general character of the work 
performed. 

65, Toilet and Locker Rooms. — The toilets are an imjwrtant 
item in schoolhouse ventilation and should be treated in the 
general manner already described for other public buildings. In 
the case of trade schools, when the boilers are in constant use 
for power purposes even during the non- 
heating season, the toilets may sometimes 
be vented into a brick shaft surrounding 
the iron chimney-stack, thus doing away 
with special exhaust fans. If the stack is 
of brick or the power plant located in a 
separate building, this arrangement cannot 
be carried out. 

A typical method of locker ventilation is 
shown in Fig. 40, in which case each indi- 
vidual closet is connected with a duct lead- 
ing to an exhaust fan. Sometimes a line of 
steam-piping is run through the base of the 
lockers, in order to facilitate the drying of 
wet clothing. 

66. Shops and Foundries. — Woodwork- 
ing and machine shops are usually treated in 
the same general manner as ordinary class 
rooms, except for local exhaust ventilation in connection with 
special machines, such as grinders, polishers, wood-planers, etc. 
In the case of forge shops and foundries the air is best admitted 
and discharged near the floor, a good arrangement being to place 
the supplies along the outer walls and the vents near the center of 
the room. Roof ventilation in foundries is not effective because 
the gases to be removed are heavier than air, and also on ac- 
count of the amount of steam present which is rapidly con- 
densed by the entrance of cold air through a monitor. 

In forge shops a considerable proportion of the exhaust ven- 
tilation is through the forges, but general room ventilation is 
also advisable as noted above. Monitor openings should be pro- 
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Fig. 39. Method of Venti- 
lating a Chemical Hood. 
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vided for summer use and for such other times as it may be 
desired to ventilate by open windows. 

67. Steam and Water Heating. — Both steam and hot water 
are suitable for warming buildings of this kind. Sometimes a 
combination of the two is employed, steam being used in the main 
heater at the fan, and hot water under forced circulation, in the 
direct radiation. Such an arrangement is especially adapted 
to buildings where automatic control is not installed. 

Loft Buildings. 

68. Principal Uses. — These are included in a class of buildings 
used principally for mercantile and light manufacturing 
purposes. 

The varied character of the work and the frequent changing 
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FIc 40. Ventihitioii of Locken. 

of tenants usually makes it impossible to install a permanent 
system of ventilation as may be done in case of a store or factory 
building. Under ordinary conditions the owner provides heat, 
elevator service, and sprinkler equipment, together with the 
necessary power for their operation. 

Electricity is commonly generated upon the premises and sold 
to the tenants for power and lighting, and in connection with 
this, both live and exhaust steam are supplied on each floor for 
manufacturing or other purposes. 
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69. Heating, — Buildings of this type are commonly heated by 
direct steam, the coils or radiators being placed along the outer 
walls beneath the windows. Automatic temperature regulation 
is not usually provided, partly on account of the expense and 
partly because the rooms, being large, usually contain several 
radiators thus giving a certain amount of hand control. In some 
cases, when the floors are not divided by partitions, unit hot- 
blast equipments are provided of sufficient capacity to do a 
portion of the heating, thus reducing the amount of direct 
radiating surface required. 

This, however, can only be done to advantage when the future 
use of a given floor is to be permanent, or at least, is to remain 
the same for several years. As buildings of this kind are not 
generally heated during the night it is necessary to provide means 
for quick warming in the morning, which makes it advisable 
to employ some form of vacuum system for producing a rapid 
circulation through the radiators. 

When the coils and radiators are of large size the best results 
are obtained by connecting a vacuum pump with the main return. 
Otherwise the single-pipe system with a vacuum air line will 
usually prove satisfactory. In laying out the piping special 
supply and return risers should be carried to the top of the 
building, with outlets on each floor, to provide steam for ventila- 
tion, should this be furnished later. 

70. Ventilation, — ^The ventilating equipment in loft buildings 
is usually installed by the tenents in order that it may be 
adapted to their special needs. There are two common methods 
employed, one being to force in tempered air, allowing it to find 
its way out by leakage or through open windows, while the 
other makes use of an exhaust fan which produces a slight 
vacuum within the room, thus causing fresh air to enter through 
induction heaters placed in front of windows in different parts 
of the room. 

The first method is usually favored by engineers, as being 
more easily controlled and giving a better air distribution when 
properly installed. In order to obtain the best results, however, 
provision must be made for the outward flow of air either 
through elevator shafts and stairways or by opening the windows 
slightly upon the leeward side of the building. 
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A typical lay-out for the heating and ventilation of a single 
floor in a loft building is shown in Fig. 41. The room is warmed 
by wall radiators placed beneath the windows and the tempera- 
ture controlled by means of hand valves. 

The ventilating equipment consists of a steel plate blower 
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Fis.41. Systein of Heatinc and VentUatloii for a Loft Buflding. 

driven by an electric motor and connected with an encased heater 
of sufficient capacity to warm the entering air to a maximum of 
74 degrees in the coldest weather. The fan and heater are 
mounted upon a platform suspended from the ceiling of the toilet 
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room, and therefore do not require space which may be utilized 
for other purposes. The air distribution is through a galvanized 
iron duct at the ceiling with outlets discharging toward the outer 
walls. 

When the space is divided by partitions the ducts must be 
laid out in such a manner as to give each room its proportion of 
fresh air. Rooms devoted to manufacturing processes re- 
quiring special conditions as to temperature and humidity must 
be heated independently. 

When the exhaust method of ventilation is made use of, in- 
stead of the plenum, it is evident that provision must be made for 
supplying an amount of tempered air 
equal to that discharged by the fan. 
jr ^ An arrangement for this purpose is 

/ shown in section in Fig. 42, and consists 

I " ^ ^ Z' ^^ ^ double bank of indirect radiator- 

sections, placed before a window, and so 
encased that the entering air must pass 
through them before reaching the room. 
The volume of air admitted is governed 
by the height to which the sash is raised 
or a special adjustable damper may be 
placed in the inlet opening if preferred. 
Temperature regulation may be se- 
cured by valving the heater in sections 
or by the use of a mixing damper similar 
to that shown in Fig. 7. During such 
times as ventilation is not required the 
window may be closed and the register in 
front of the casing, near the floor, opened to produce a rotation of 
air through the heater. A sufficient number of these induction 
stacks should be provided to supply the required amount of 
tempered air, and they should be so placed as to diffuse it as 
much as possible. 

Buildings of this type are commonly furnished with 25 to 30 
cutic feet of air per occupant per minute. 




Fig. 42. Section throufii an 
Induction Heater. 
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Railroad Stations. 

71. General Requirements. — The large railroad station or ter- 
minal, presents a rather complex problem, as it takes on the 
requirements of a number of buildings combined in one. The 
power plant must include equipment for the generation of steam, 
electricity, gas, compressed air, and a refrigerating outfit for the 
manufacture of ice, while the building itself contains offices, 
waiting rooms, restaurants, kitchens, barber shops, smoking 
rooms,' toilets and lavatories. 

Much of this work has already been covered in connection with 
office buildings and hotels and attention will only be given here 
to rooms not included in the above. 

72. Waiting Room. — A detail of especial importance in equip- 
ping a building of this kind is the heating and ventilating of the 
main waiting room. It is best, in rooms of this kind, to eliminate 
all direct radiation on the score of cleanliness and combine the 
equipment for both heating and ventilation in a single system. 

When a special fan is provided for the waiting room the entire 
heating may be done by a single main stack or coil, divided into 
separately valved sections and provided with a mixing or by- 
pass damper for the final temperature regulation. Rooms of this 
character are in constant use day and night so that the fan must 
be run continuously,- therefore, gravity rotation for night warm- 
ing is not necessary. 

Under these conditions the single unit method above described 
is the simplest in application, especially when automatic tempera- 
ture regulation is employed for controlling the by-pass damper 
at the fan. When the heating and ventilation of the public 
waiting room is combined with that of others, such as private 
waiting rooms, restaurants, barber shops, etc., the air should only 
be raised to about 65 degrees at the main coil, further heat being 
supplied by supplementary stacks placed in the individual flues. 
This arrangement is necessary in order to secure independent 
temperature control for the diflferent rooms. 

A typical lay-out for a public waiting room is shown in Fig. 
43, and illustrates an effective method of introducing the fresh 
air and removing the foul air from rooms of this kind. The 
outer wall beneath the windows is thickened sufficiently to conceal 
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the flues, and the fresh air is brought in through long and rather 
narrow grilles at an elevation of about 8 feet above the floor. 
Exhaust ventilation is through similar grilles placed in the base- 
board between the inlets, as indicated. 

The main supply and vent ducts connecting with the fans are 
carried directly beneath the flues in the basement. 

The relative locations of inlet and outlet grilles are practically 
the same whether the warming is done by a single main heater 
or by supplementary stacks in the flues. 

A section through one of the stacks in the latter arrangement 
is shown at the left in Fig. 44, which indicates the positions of the 
fresh air and vent ducts and also the connections with the heater. 

A similar section through one of the vent outlets is shown at 
the right in the same cut. 

Either steam, or hot water under forced circulation, may be 
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Fig. 43. System of Heating and Ventflatioii for a Public Waiting Room. 

used in the direct and supplementary heaters, as seems best 
under existing conditions. 

A vacuum system attached to the main return is generally 
employed when steam is used, in which case, a fair degree of 
temperature control may be secured by means of a throttle or 
graduated valve placed in the supply line leading to the supple- 
mentary heaters, and operated by hand. In the case of a hot- 
water system regulation may be obtained by varying the tem- 
perature of the water circulated through the heaters. 
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For more accurate control in either case a pneumatic system 
should be employed. 

The air supply in rooms of this kind is commonly based upon 
30 to 40 cubic feet per occupant per minute. 

73. Other Rooms, — Baggage and express rooms should be 
supplied with direct radiators or coils of sufficient capacity to 
maintain a temperature of 50 degrees in the coldest weather. 

These are best located near outside doors in order to temper 
the entering air to some extent. Small offices in connection 
with baggage rooms should be warmed to 68 or 70 degrees. 
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Flf. 44. DetaUs of Sapply and Vent Ducts for Waitinf 
Room. 

The toilets may be treated as already described for hotels, 
the only difference being the larger capacity of the equipment. 

Machine Shops. 

74. Systems of Heating and Ventilation Employed. — Both di- 
rect radiation and fan systems are adapted to the warming 
of machine shops under proper conditions. Buildings of this 
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class are practically free from steam and disagreeable or harm- 
ful gases except in special departments, and the cubic space is 
usually large compared with the number of occupants. Under 
these conditions leakage may be depended upon largely for sup- 
plying the fresh air for ventilation. 

In small buildings, and large ones, when they are divided into 
stories from 10 to 14 feet in height, very satisfactory results may 
be obtained by the use of direct steam coils carried along the outer 
walls beneath the windows, especially if enclosed in such a man- 
ner as to ensure a proper circulation of air over them. 

This method of heating is also adapted to cases where the 
plant is made up of a group of small or medium size build- 
ings instead of one or two large ones, as the duplication of fan 
and heater outfits would prove expensive. Again, direct radiation 
is convenient for heating special rooms or departments requiring 
different temperatures from the main shop, such as offices, draft- 
ing rooms, shipping rooms, paint shops, etc. 

Generally, in large plants a combination of the two systems 
is required to give the best results. 

The disadvantages of direct radiation include the lack of 
ventilation, except by leakage, and also, when used in rooms 
having a large glass exposure, such an amount of surface is often 
required as to make it uncomfortably warm for those working 
near the coils. This is especially true in buildings of modern 
construction, having considerable height, with galleries and 
monitor roof. In this case the warm air rises rapidly to the 
upper part of the building, greatly over-heating it and increasing 
the rate of transmission through the roof. At the same time 
the zone near the floor occupied by the workmen remains too* 
cold for comfort, except in the immediate vicinity of the radi- 
ation. 

Sometimes coils are suspended from the roof trusses for heat- 
ing the upper part of the building, so that only a nominal amount 
of surface is required at the floor. This corrects, to a certain 
extent, the fault of local over-heating, but is wasteful in the use of 
steam owing to the high temperature of the roof space as al- 
ready noted. Direct radiation also produces but a small amount 
of circulation within the room, so that fresh air which finds its 
way in by leakage is poorly distributed. 
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In large buildings of modern construction, the best results 
are obtained by the use of a fan system when the apparatus is 
properly designed and installed. With this arrangement, the 
warm air may be so distributed as to heat the space evenly, and 
at the same time set up a circulation which will carry the in- 
leaking fresh air to all parts of the building. 

75. Heating by Direct Radiation, — A typical arrangement of 
the heating coils in a one-story building with monitor roof is 
shown in Fig. 45. In this case part of the surface is placed at an 
elevation and part along the outer walls beneath the windows. 
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Fi(. 45. System of Direct Heatinf for a Machine Shop. 

An excellent plan for a wall coil is shown in Fig. 46, in which 
case the bench is set out about 4 inches and an apron of galvan- 
ized iron carried down on the rear supports to a point slightly 
below the lower pipe. With this arrangement, the warm air is 
not thrown out from beneath the bench into the workman's face, 
as with the usual method, but passes upward in front of the 
window where heat is most needed. By properly proportioning 
the height of bench and window, and raising the sash slightly, a 
good supply of fresh air may be obtained without unpleasant 
drafts. 

Both steam and hot water under forced circulation, are 
adapted to this class of work, although when the latter is used the 
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pumps must be kept moving slowly on very cold nights in order 
to prevent freezing in the more exposed pipes. 

As the heating mains in plants of this kind are of considerable 
length, and the radiating surface more or less extended, a vacuum 
system attached to the return is usually employed in the case of 
low-pressure steam to accelerate the circulation when first warm- 
ing up in the morning and to avoid the use of large pipes and 
sharp grades in connection with the return system. 

This also makes it possible to employ graduated supply 
valves upon the coils and radiators, so that the temperature may 
be controlled by hand, with fairly good resutls. This may be sim- 
plified by connecting up the radiation in sections in such a man- 
ner that one valve will control the entire 
surface in a single room, or upon one side, 
in those of large size. 

76. Hot-Blast Heating, — The advantages 
of this system have already been described 
to some extent. The heater may be supplied 
with steam at any pressure desired, but is 
usually made to utilize the exhaust the same 
as in direct heating. Temperature regulation 
may be secured in different ways, the most 
common being to shut off a part of the sec- 
tions or by-pass a portion of the air around 
the heater. If there is an ample supply of 
exhaust steam, the best method is to admit a 
larger proportion of fresh air as the outside temperature rises. 

When the system is arranged for the re-circulation of air, 
return ducts should be provided with inlets from different parts 
of the building. Otherwise the rotation of air will be localized 
in the vicinity of the fan and the circulation in other parts will 
be either weak or entirely lacking. 

The best location for the apparatus will depend upon the 
general construction of the building and other local con- 
siderations. 

A plan commonly adopted in shops of brick and steel construc- 
tion is shown in di^igram in Fig. 47. In this arrangement the 




Fig. 46. DetaflofWaU 
CoU. 



Digitized by 



Google 



HEATING AND VENTILATING REQUIREMENTS 



61 



apparatus is placed overhead and the main distributing ducts 
carried through the roof trusses as indicated. 

From here branches are brought down on posts and the air dis- 
charged directly downward, or at a slight angle, the greater 
portion being thrown toward the outer walls. 

The openings should be from 5 to 6 feet from the floor, and 
the horizontal distance from the outer walls should not be more 
than 20 feet to get the best results. By this means it is possible 




Fig. 47. Hot-Bltit Heatiiig Syitem for a Machine Shop. 

to maintain a stratum of warm air near the floor, where it is 
most needed. 

In buildings having several stories, ranging from 10 to 14 feet 
or more in height, the air is often blown downward at an angle 
of 30 or 40 degrees from the horizontal, as in Fig. 48. 

With smooth ceilings, even with a low air velocity, the heat 
will be evenly distributed for a considerable distance away, and 
with a return or vent duct at the center, good results are obtained 
for distances up to 100 feet or more. For buildings not over 60 
feet in width, a good arrangement is to carry up a central flue 
or stand-pipe every 80 or 100 feet and discharge the air to each 
story through four outlets as indicated in Fig. 49. 

Return ducts for bringing the air back to the fan for re-circu- 
lation, are commonly carried along the outer walls, and may be 
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either underground as shown at the right in Fig. 50, or over- 
head as shown at the left. In either case the inlets leading 
to them. should be near the floor. 

77. Temperature Required, — In machine shops, where most of 
the occupants are actively engaged, a normal temperature of 60 
to 65 degrees is considered ample, while the offices and draft- 
ing rooms should be maintained at 68 to 70 degrees in the coldest 
weather. 

It often happens that while the lowest continued temperature 




Fig. 48. Hot-BUst System for a Shop of Sereral Stories. 

does not go below +10 degrees, or possibly zero, there may be 
infrequent periods when it drops to — 10 or — 20 degrees for a 
day or so. The question, therefore, arises, should the apparatus be 
designed for this lower temperature or only for normal conditions. 
Experience seems to show that systems proportioned for 
zero temperature may be made to answer fairly well for short 
periods of considerably colder weather, and at the same time 
prove less wasteful under the conditions of average weather 
throughout the heating season. For example, a shop designed 
for a temperature of 60 degrees in zero weather will drop to 52 
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degrees when it is — 10 degrees outside, which will not prove 
uncomfortable in the majority of cases. 

Offices and drafting rooms should never be allowed to fall be- 
low 66 to 68 degrees and the radiation should be proportioned 
accordingly. 

78. Air Volume. — The air volume to be handled by the fan 
is usually based upon one of two assumptions. In the first of 
these, which is the more common in the type of building shown 
in Figs. 47 and 50, the plant is designed for heating entirely with 
re-circulated air when the outside temperature drops to zero, and 
the proportion of outside air gradually increased as the tem- 




Fig. 48. Stand-pipe System of ^ot-bltit Heftting. 



perature rises. In this case the volume of air circulated must 
be sufficient to transmit the necessary heat for warming the 
building with a temperature range of 80 to 90 degrees as de- 
scribed in Paragraph 137. 

When there is an abundance of exhaust steam, or the number 
of workmen large compared with the cubic contents of the 
building, a volume of outside air equal to one to three complete 
changes per hour should be supplied in the coldest weather, in- 
creasing this to 30 or 40 cubic feet per occupant per minute as the 
outside temperature rises. 
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Foundries. 

79. Fan Arrangement, — In the case of foundries a fan system 
is always preferable, as here the air is filled with steam and 
heavy gases. Ventilation by means of skylights or monitor win- 
dows, except in warm weather, only serves to make conditions 
worse, as the entering cold air causes the steam to condense on the 
walls and overhead construction and drip to the floor. By means 
of a pair of fans, one for supply and one for exhaust, conditions 
may be greatly improved and the air of the building kept in good 
condition. In general, the air should be admitted and dis- 
charged near the floor; first, because warmth and fresh air are 
needed in the zone occupied by the workmen; and, second, be- 




Fif. 60. Syitem of Hot-Uut Hemtiiig for Re-CircuUtion. 

cause the gases present are heavier than air and must be drawn 
off through openings near the floor level. 

When the work is of such a nature that steam and gases are 
present only in small amounts, the exhaust fan may be shut down 
and only the supply fan used. 

A typical arrangement for the ducts and outlets in a foundry 
or forge shop is shown in Fig. 61. With this method of dis- 
tribution the smoke is kept from collecting under the eaves, and 
in summer time, when the exhaust fan is not running, the admis- 
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sion of fresh air at the outer walls tends to drive the smoke into 
the monitor, from which it may be discharged through the 
windows. 

Under ordinary working conditions, the air, after admission 
gradually rises through the building, and as it cools, falls 
through the central portion and is drawn off at the exhaust out- 
lets, thus carrying with it the heavier gases which are given off 
in the processes of foundry work. 

A method of connecting with an underground vent duct 
through vertical registers, is shown in Fig. 52. 

80. Temperature and Air Volume. — ^The heating equipment of 
forge shops and foundries is usually designed to maintain a tem- 
perature of 50 to 55 degrees in zero weather, the higher figure 
allowing for a drop to — 10 degrees outside, without pro- 




Fig. 61 . System of Heatinc and Ventilation for a Foondry. 

ducing an uncomfortably low temperature in the building for the 
character of the work carried on. 

In the case of a foundry it is usually necessary to furnish a 
certain amount of fresh air at all times to clear the building 
of smoke and gases. The volume will depend somewhat upon 
the height, the required number of changes per hour being less, 
as the cubic contents increases, for a given floor area.. An air 
supply equivalent to four or five changes per hour for a stratum 
10 or 12 feet high over the entire floor should prove sufficient for 
ordinary conditions in iron foundries. 
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Brass foundries are more difficult to ventilate and should be 
provided with two or three times as much air as stated above. 
In designing the ventilating system for a building of this kind 
it is customary to make the supply and exhaust fans of the same 
size, regardless of the fact that a certain amount of air passes 
out by leakage. 

Paper Mills. 

81, Ventilation of Machine Room. — The machine room of a 
paper mill requires special methods of ventilation owing to the 
large amount of moisture given off by the drying paper, which 
amounts to approximately 1.5 tons per ton of finished product. If 
this moisture is not quickly removed, it produces a heavy fog, 
which rapidly condenses upon contact with the cool side walls 







Fig. 52. Detail of Vent Outlet. 

and roof, thus causing continuous dripping upon the operatives 
and upon the paper in process of manufacture. Furthermore, 
the high temperture and the extreme humidity are very ener- 
vating to those employed in rooms of this kind. 

82, Methods of Ventilation, — While tlie various methods em- 
ployed in the ventilatron of paper machine rooms may vary in 
detail, the general principle is the same in each. 

This consists in supplying a sufficient volume of warm air to 
absorb the moisture rising from the dryers, by evaporation, and to 
exhaust the air from the room before it becomes saturated. 

Knowing the capacity of the machines, in tons per hour, the 
weight of water to be evaporated is easily determined, and also 
the volume of air necessary to carry it away under given con- 
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ditions. In practice the temperature of the entering air should 
not be less than 65 to 70 degrees, the actual point being gov- 
erned by the heat required to maintain a temperature between 
70 and 80 degrees in the room. The heat from the rolls is 
ordinarily sufficient to raise the temperature of the air rising 
from the dryers to 100 or 110 degrees, with the room tempera- 
tures above noted. 

Computations for determining the required air volume under 
different conditions are given in Paragraph 162. 

One method of ventilation is shown in diagram in Fig. 53, 
and makes use of a hood, having a slot from 2 to 3 inches 
in width around the perimeter, and extending well beyond the 
limits of the machine. This may be constructed of galvanized 




rOOOOOOOO 



PAPER MACHINE 



Fig. 63. Hood Veiitilation for a Paper Machine. 

iron with a deflector of stout cloth attached to removable wooden 
frames, or it may be made entirely of metal. 

An exhaust shaft, located at the center, is provided with a fan 
of sufficient capacity for removing the required volume of air, as 
computed. Warm air should be supplied to the room in equal 
amount by a centrifugal fan, thus maintaining a balanced pres- 
sure which prevents the inleakage of cold air in any appreciable 
quantity. This may be adinitted partly near the floor and partly 
in horizontal jets near the ceiling, the latter preventing to a large 
extent the gathering of moisture upon the underside of the roof. 

The objection to a hood is that it shuts off the light somewhat 
and may also be in the way of the operatives if hung sufficiently. 
low to secure the most effective results. 
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Some engineers prefer to omit the hood over the entire ma- 
chine and substitute a number of fan-shaped exhaust outlets, 
directly above and surrounding the dryers, connected with a cen- 
trifugal fan. In addition to these, vent shafts are provided for 
general room ventilation, usually in connection with exhaust 
fans. In order to protect the roof construction, these shafts are 
often brought down some distance below the ceiling, so as to 
draw off the moist air before it comes in contact with the wood- 
work above. This action is still further assisted by the use of 
heated air jets blown across the ceiling at a high velocity. The 
balance of the air supply may be admitted near the floor in a 
manner similar to that already described for shops and foundries, 
care being taken to distribute it evenly throughout the room. In 
computing the heating surface for warming the air, the dryer 
rolls should be taken into account, allowing from one-fifth to one- 




Fig. 64. VeiitiUition of a Paper Machine Room. 



fourth of their surface for this purpose. Sometimes the build- 
ings are so arranged that warm air may be drawn from other 
rooms, thus serving to ventilate them, and also utilizing a cer- 
tain amount of heat which would otherwise be wasted. 

A combination of the methods above described is illustrated in 
Fig. 54, which shows a cross-section through a double machine 
room. In this case, hoods are provided, but at a sufficient 
height to avoid any interference with the operation of the ma- 
chines. Air to the main room is supplied horizontally near the 
ceiling in a sufficient quantity to give six or seven changes per 
hour. This is supplemented by two changes per hour delivered 
to the basement between the machines. 

8S. J^entilation of Grinder Rooms, — In pulp mills special ven- 
tilation is required in the grinding rooms, owing to the heavy 
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vapor which is given off from the logs as they are fed into the 
grinders. The best results are secured in rooms of this kind by 
arrangements similar to those already described for machine 
rooms, although hoods are not usually employed in this case. A 
typical system for the ventilation of a grinder room is shown 
in Fig. 55, in which sufficient warm air is supplied to produce 
from six to eight changes per hour. The equipment consists of 
a regular hot-blast outfit (not shown in the cut), having a heater 
of sufficient capacity to warm the air to a temperature of 125 to 
130 degrees in zero weather. The distributing ducts are located 
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Fig. BS. Ventilation of n Grinder Room. 



in the upper part of the room, and about three-fourths of the 
air supply discharged directly downward as indicated, the re- 
mainder being blown in thin jets along the ceiling in order to 
eliminate condensation as much as possible. Exhaust ventila- 
tion is through roof vents, and, in this case, is produced by the 
pressure within the room, without the use of fans. 

Textile Mills. 

8i. General Requirements, — The general requirements for the 
satisfactory heating and ventilation of a textile mill consist of an 
even distribution of heat; an ample supply of fresh outside air, 
or purified air, if re-circulation is practiced ; means for regulating 
the humidity of the various rooms, and an arrangement of the 
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equipment which shall neither obstruct the light nor the passages 
used by the operatives. 

86. Systems of Heating. — Both direct radiation and hot-blast 
systems are used for work of this kind, either separately or in 
combination. 

The former is adapted more especially to one-story buildings, 
having roofs of "saw-tooth" construction, where overhead air- 
ways tend to cut off the light and underground distribution is 
attended with excessive loss of heat, unless expensive insula- 
tion is provided. 

While a direct system is less expensive to install and operate, 
from a purely heating standpoint, it does not furnish ventilation 
or provide means for regulating the humidity. 







Fig. 66. Direct Heating for a Textile MilL 



Hot-blast heating, on the other hand, overcomes these objec- 
tions but at an increased expense. By re-circulating the air in 
the colder weather the cost of operation may be reduced, but 
this makes it necessary to install washers and return ducts, 
thus increasing the original outlay. 

When deciding upon a heating system for a textile mill it is 
necessary to consider the matter of humidity control at the same 
time, as the latter has an important bearing upon both the econ- 
omy of installation and operation. For example, it may be found 
in a given case that a direct system will heat a building satisfac- 
torily at a lower cost than a fan system, but that a separate equip- 
ment will be required to maintain the desired humidity. 

On the other hand, a hot-blast system, taking its full supply of 
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air from out of doors, may be considerably more expensive than 
simple direct heating, but by combining it with an air washer, 
re-circulation may be practiced and the humidity controlled with- 
out additional equipment. 

86. Heating by Direct Radiation. — Both hot-water, under 
forced circulation, and vacuum steam systems are used with good 
success in mill wofk. In the case of saw-tooth construction a 
large proportion of the heat transmission is through the roof, and 
it is customary to locate the greater part of the radiating sur- 
face directly beneath the glass, as shown in Fig. 56. This not 
only places the coils out of the way of machines and operatives, 
but tends to prevent excessive condensation upon the cold glass 
surface due to the high percentage of humidity maintained 
in the room. Sometimes all of the coils are suspended, but it 




Fig. 67. Syitem of Hot-Utit Hemtiiig for a TextUe MiU. 

is better, if possible, to also carry a few lines of pipe along the 
side walls beneath the windows, as shown in the cut. Condensa- 
tion is often guarded against still further by using double sash in 
the windows, with a line of pipe between them. 

87. Hot-Blast Heating. — A typical lay-out for hot-blast heating 
is shown in Fig. 57. In this case the apparatus is located in the 
basement and a main supply duct, usually of masonry, carried 
along the outer wall, as indicated. 

The uptake flues are run in pilasters, which project outward, 
in order not to encroach upon the passageway between the ma- 
chines and wall. The warm air is all delivered at one side of 
the room and usually toward the colder or more exposed wall. 

The smooth ceilings offer no special obstruction to the flow 
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of air and the moving belts and pulleys tend to break up the cur- 
rents and assist in a more thorough diffusion. 

A section through one of the uptake flues is shown in Fig. 58. 
These are spaced from 40 to 70 feet apart and deliver air to each 
story through openings placed about 8 feet from the floor. The 
flue area is reduced at each story and the volume of air admitted 
through the openings is regulated by means of an adjustable de- 
flecting damper of special construction. 

The main distributing duct is commonly made in the form of 
a quadrant and reduces gradually toward its 
extremities. 

Heat loss should be guarded against, as 
much as possible, by air spaces or other means 
of insulation. 

When the fan is driven from the line shaft- 
ing a special motor or engine shoiikl be pro- 
vided for use when the main engine is not 
running. 

Another flue arrangement is shown in sec- 
tion and elevation in Fig. 59. In this case a 
separate flue is carried from the main air duct 
to each floor through piers between the win- 
dows. This has the advantage 
of avoiding outside pilasters, but ,^, _,_;,,.,,,.,. _ - ■ 
increases the number of flues 
somewhat. With the piers 12 
feet apart, it will be 36 feet be- 
tween inlets in three-story build- 
ings and 48 feet in those four 
stories in height. 

88. Humidity Control, — ^Mention has already been made of the 
necessity for maintaining a certain degree of humidity in textile 
mills. This is due to the presence of frictional electricity caused 
by the motion of belts and machinery when the air becomes too 
dry. The effect of this in spinning rooms is to produce unevenness 
in the yarn, while it often results in a variation in the width and 
quality of woven goods. This condition may be practically over- 
come by maintaining a relative humidity of 60 to 70 per cent at 
the normal temperatures carried in buildings of this kind. 




Fig. B8. Section through a Typical 
Uptake Flue. 
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The air is most easily moistened when the hot-blast system is 
employed, and may be done by means of steam jets, evaporating 
pans or by the use of a spray washer or filter. The latter device 
is especially efficient in this case, because it also removes the 
dust and lint from the air and makes it fit for re-circulation in 
cold weather, which is a matter of considerable importance when 
the supply of exhaust steam is limited. 

In some cases, however, it is possible to equalize conditions in 
different departments by drawing the air supply for a room, in 




Fig. 60. Amngement with LuSependeiit Uptake Fines. 

which the humidity is too low, from one having too much 
moisture, thus gaining the desired result without extra expense. 
89. Ventilation, — When there is an abundance of exhaust 
steam, the air supply should be taken from outside, unless special 
means are provided for removing the dust as noted above. In 
cases of this kind, at least four changes of air per hour should 
be provided, for the best results. When it is purified the amount 
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of outside air may be reduced, thus accomplishing a considerable 
saving in fuel. 

90. Ventilation of Dye Houses. — Here the conditions are simi- 
lar to those found in the machine room of a paper mill, it being 
necessary to remove large amounts of vapor without allowing it 
to condense upon walls and ceiling. The volume of air required 
will depend upon the amount of vapor given off, which is a 
maximum where the dye is kept at the boiling point and the cloth 
passed through it from reels located above the vats. It is common 
practice to provide for a complete change of air every two to ten 




Fig. 60. System of Ventilation for a Dye House. 

minutes according to the processes carried on in the room. A 
typical ventilating system for a dye house is shown in diagram 
in Fig. 60. This building is two stories in height, with the room 
to be ventilated on the lower floor. A false ceiling is provided, 
sloping upward from the outer walls to the vent flue at the center. 
Fresh warm air is furnished by two hot-blast outfits connecting 
with main distributing ducts carried in the furred space above the 
false ceiling. There are three sets of supply inlets as follows: 
First, those delivering air near the floor along the outer walls; 
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second, those blowing thin jets along the under side of the false 
ceiling ; and third, those admitting a small amount into the furred 
space to prevent the gathering of moisture and the consequent 
rotting of the building construction. The general scheme of air 
movement is indicated by the arrows ; that delivered near the floor 
supplying the operatives and carrying the vapor upward toward 
the vent stack, while the upper inlets furnish a thin sheet of 
warm air along the ceiling, thus preventing condensation at this 
point. The main vent shafts should not be more than 20 or 26 
feet apart, and should be properly insulated and drained to 
prevent any dripping upon the fabrics in process of manufacture, 
or upon the employees, 
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CHAPTER 11. 

WORKING DATA FOR STEAM AND HOT-WATER 
HEATING. 

The present chapter gives in condensed form working data for 
the design of steam and hot-water systems employing direct and 
indirect radiation with gravity air flow. This data is based upon 
constants and formulae widely used in practical work and has 
been arranged with special reference to the requirements of the 
buildings under consideration. 

Heat Loss. 

91. Classification of Buildings for Heat Loss. — ^The first step 
in the design of any system of warming, whatever its type, is to 
determine the heat loss from each room in B. T. U. per hour. 
This depends upon the character and extent of the exposed sur- 
face, the difference between the inside and outside temperatures, 
the points of compass, and exposure to winds. 

The buildings described in the preceding chapter may be included 
in four general classes, according to their construction and heat 
requirements. Class I. includes office and municipal buildings, 
hotels, hospitals, theatres, schools, loft buildings, etc., where the 
walls are constructed of brick or stone with an inside furring of 
lath and plaster, and in which a normal temperature of 70 degrees 
is desired. Class II. includes shops and factories of brick or con- 
crete, without furring, usually several stories in height, and also 
requiring a temperature of 70 degrees. Class III. includes shops 
of the general type shown in Fig. 47, having walls of brick or 
concrete and thin roofs of different construction. Buildings of 
this type are usually heated to 60 degrees. Class IV. includes 
foundries, boiler and forge shops, etc., covered entirely, or in 
part, with corrugated iron, and heated to 50 degrees. 

These different classes of buildings will now be taken up in 
order, with tables and data for computing the heat loss from each 
within the usual range of conditions. 

76 
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92. Class L — For buildings in this class the following data may 
be used. 

Table I. 

Heat Loss Through Walls. 

Heat loss in B. T. U. per square foot of surface per hour for a temperature 
difference of 70 degrees. 



Solid wall with lath and plaster 


Heat loss 


furring and air space. 


in B. T. U. 


8-inch brick 


22.5 


12 " - 


17.6 


16 - " 


14.5 


20 - " 


12.0 


24 *• " 


11 


28 - - 


10 



For brick walls with sandstone face, 4 to 8 inches in thickness, 
plastered inside, but without furring or air space, multiply the 
factors in Table I. by 1.3. For stone wall instead of brick, multi- 
ply the factors in the table by 1.4 

Table II. 
Heat Loss Through Windows. 

Heat loss in B. T. U. per square foot of surface per hour for a temperature 
difference of 70 degrees. 

Character of window. Heat loss 

in B. T. U. 

Single sash 84 

Double sash 42 

Single skylight 91 

Double skylight 46 

For other temperature differences than 70 degrees, multiply the 
factors in Tables I. and II. by the following: 

Table III. 

Factors por Other Temperature Difperences. 

60 degrees, multiply by 0.71 

60 " " " 0.86 

70 " " " 1.00 

80 " " " 1.14 

90 " " " 1 29 

The use of these factors will be found necessary in making 
computations in various parts of the country, as the outside tem- 
perature commonly runs from 10 to 30 degrees below zero in the 
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West and Northwest, while in the South it may pass through all 
points up to 60 or 70 degrees above, according to location. 

In addition to the heat loss by transmission, there is also a 
certain amount due to leakage, depending upon the tightness of 
the building construction, especially around doors and windows, 
and upon the strength of prevailing winds. This may be pro- 
vided for in the average structure of this class by multiplying the 
transmission loss by 1.2. In case of public rooms, where there 
is a good deal of passing in and out, it will be necessary to use a 
larger factor, depending upon local conditions. In main lobbies 
and similar rooms a factor of 1.5 to 2.0 is often required. 
Corrections for different points of compass should be made as 
follows : 

Table IV. 

Factors for Exposure. 

North exposure, multiply by 1.3 

East « « *^ 1.1 

South « « « 1.0 

West " « « 1.2 

In rooms of considerable height the heat loss is increased on 
account of the higher mean temperature and the more rapid cir- 
culation of the air over the cool surfaces. This amounts to about 
2 per cent for each additional foot above 12 feet in height. ' 
Although in office buildings the walls are reduced in thickness on 
the upper floors, it is not usually necessary to enlarge the radiators 
Oil this account, because the warm air, rising from below, is gen- 
erally sufficient to offset any increase in heat transmission due to 
this cause. In case of very high buildings, however, where the 
upper floors are more exposed to the wind, it may be necessary to 
allow for the thinning of the walls and also to increase the factor 
for leakage. 

When there is a low attic or roof space, in which steam pipes 
are carried, no additional radiation is required to offset the effect 
of a cold ceiling on the upper story. 

In case of a roof space without steam pipes, increase the radia- 
tion about 15 per cent. When there is a solid roof, without air 
space, use the factor from Tables VI or VIII which corresponds 
most nearly to the actual conditions. 
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Example, — A room in an office building has a wall exposure of 
450 square feet and a glass exposure of 100 square feet. The 
walls consist of 8 inches of brick, with sandstone facing, plastered 
on the inside. The windows have single sashes, and the ex- 
posure is east. 

What will be the total heat loss per hour for a temperature 
difference of 70 degrees? 

Factor for wall 22.6X1.3-29.2 

Factor for window -84 

Factor for leakage - 1.2 

Factor for exposure - 1.1 

from which the total heat loss is found to be 

[(450X29.2) + (100X84)]X1.2X1.1 = 28,433 B. T. U. 

93, Class 11. — Buildings of this type are usually constructed of 

solid brick, or concrete, without insulating finish of any kind upon 

the inside walls, except in special rooms such as offices, drafting 

rooms, etc. 

Table V. 
Heat Loss Through Walls. 

Heat loss in B. T. U. per square foot of surface per hour for a temperature 
difference of 70 degrees. 

Solid walls. Heat loss 
in B. T. U. 

8-inch brick 28 

12 " " 22 

16 " " 18 

20 " - 15 

24 « - 14 

For reinforced concrete, multiply the factors in Table V. by 1.3. 

For ordinary wooden construction with paper and clapboards 
on the outside and lath and plaster on the inside, use a factor of 
21 for a temperature difference of 70 degrees. 

For roof construction of different kinds, use Table VI. 

Table VI. 
Heat Loss Thkough Roofs. 

Heat loss in B. T. U. per square foot of surface per hour for a temperature 
difference of 70 degrees. 

Roof construction. Heat loss 

in B. T. U. 

Slate on matched boards 21 

Iron on matched boards 12 

8-inch hollow tile. 1-inch concrete, tar and gravel 28 

&-inch concrete, dnder fill, tar and gravel 38 



For window surface, see Table II. 
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With wooden sashes the factor for leakage may be taken as 1.3, 
while for iron sashes, which are much tighter, it may be reduced 
to 1.1. In shops and factories where the floors are undivided by 
partitions, and the walls exposed to all four points of the compass, 
a factor of 1.16 may be used when correcting for exposure. 
For other temperature differences than 70 degrees use the factors 
given in Table III. 

94. Class III, — The conditions here are much the same as in 
Class II., except the entire building is treated as a single room and 
a lower inside temperature is maintained. 

Table VII. 
Heat Loss Thkough Walls. 

Heat loss in B. T .U. x)er equare foot of surface per hour for a temperature 
difference of 60 degrees. 

Solid walls. Heat loss 

in B. T. U 

4-inch brick 38 

8 - " 24 

12 " " 19 

16 - - 16 

For reinforced concrete multiply the factors in Table VII. by 
1.3. 

Table VIII. 

Heat Loss Through Roofs. 

Heat loss in B. T. U. per square foot of surface per hour for a temx)erature 
*^ difference of 60 degrees. 

Roof construction. Heat loss 

in B. T. U. 

Patent roof, (tar and sravd) 18 

0-inch hollow tile, 2-inch concrete, tar and gravel 22 

4-inch concrete, einder fill, tar and gravel 36 

UnUned metal 78 

For tile and concrete floors on earth use a transmission factor 
of 6 for ordinary conditions. 

For single windows, and a temperature difference of 60 de- 
grees, use a transmission factor of 72. 

Leakage may be treated the same as in Qass II., using the 
factors 1.3 and 1.1 for wooden and iron sash, respectively. 

The factor for exposure may be taken as 1.16, considering the 
whole building as a single room. 
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95. Class IV. — Buildings of this type are confined chiefly to 
foundries, boiler shops, forge shops, etc., where the normal inside 
temperature may be comparatively low. 

Tests show that the transmission losses through unlined cor- 
rugated metal are very nearly the same as for a single window, 
and for all practical purposes no distinction need be made between 
the walls, windows, or roof in buildings of this kind. 

Taking the transmission factor as 60 for a temperature 
difference of 60 degrees, and multiplying by 1.3 and 1.16 for 
leakage and exposure, respectively, gives a total loss of 
60X1.3X1.16 = 90.5 B. T. U. per square foot of gross area per 
hour. To this should be added a transmission of about 6 B. T. U. 
per square foot of floor area. 

In general, a heat loss of 100 B. T. U. per square foot of gross 
wall and roof area will safely cover all ordinary conditions where 
the outside temperature does not drop much below zero. 

Kadiation. 

96. Computing Direct Radiation. — The square feet of direct 
radiation for a given room or building are found by dividing the 
total heat loss through transmission and leakage per hour, in 
B. T. U., by the efficiency of the type of radiator to be used. 
This simply allows for maintaining the normal temperature after 
the room is warmed. When the building is allowed to cool off at 
night, from 10 to 15 per cent additional radiation should be pro- 
vided, for quick warming in the morning. 

Experience has shown that but little if any more fuel is required 
for warming a building continuously than when it is allowed to 
cool off at night. Although no heat is taken from the boiler 
when the radiation is shut off, the building and its contents are 
constantly giving out stored heat which must be replaced by 
forcing the plant before the rooms can again be raised to their 
normal temperature. 

For this reason, the heat in large buildings is usually kept on 
for a portion of the night, at least, to prevent the temperature 
from falling to any great extent. 
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In cases of this kind it is not common to allow any additional 
capacity for "warming up," especially as the radiating surface is 
proportioned for the coldest weather, and is therefore in excess 
of the requirements for most of the time. 

Furthermore, the lower temperature of the building adds to the 
efficiency of the radiation, thus increasing the power of the plant 
still more under these conditions. 

97, Efficiency of Direct Radiation. — The efficiency of a radiator 
depends upon the difference in temperature between the enclosed 
steam or water and the surrounding air, and also upon the velocity 
of the air passing over the heating surface. For the average con- 
ditions of direct heating the following rates of transmission may 
be used for different types of radiation. The variation is due to 
the form of surface, which affects the freedom of air flow, as 
noted above. 

Table IX. 

Heat Transmission From Direct Radiators To Air. 

B. T. U. given off per hour per 

square foot of surface per decree 

Type of radiator. difference in temperature between 

the radiator and surrounding air. 

Four-column radiators, 38 inches to 45 inches high 1.5 

Three-column radiators. 38 inches to 45 inches high 1.6 

Two-column radiators* 38 inches to 45 inches high 1.7 

Three and four column radiators, 18 inches to 26 inches high . 1.7 

Wall radiators 1 .85 

Wall coils, 1-inch to 2-inch pipe 1 .95 

Assuming the temperature of the surrounding air as 70 degrees, 
the following "working efficiencies" may be used for steam and 
water, as given in Tables X. and XL, respectively. 



Table X. 
Efficiency of Direct Steam Radiators. 


Type of direct radiating surface. 


B. T. U. given oflf per square foot of surface 
pet hour. 


2 pounds gauge 
pressure. 


Atmospheric 
pressure. 


Two-column radiators, 38 inches high 
Wall radiators 


255 
280 
200 


240 
260 


Pipe coils 


275 
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Efficiency of Direct Hot-Water Radiators. 


Type of direct radiating surface 


B. T. U. given off per square foot of surface 

per hour for different average temperatures 

of water. 




170 degrees. 


180 degrees. 




Two-column radJatorB, 38 inches liigh 
Wall radiators 


170 
185 
195 


185 
200 
215 


220 
240 


Pipe coils 


250 







As a matter of fact, in computing the radiating surface for a 
system to be used in connection with a power plant, but little 
difference is made in the amount furnished, whether for low- 
pressure gravity, vacuum steam, or forced hot water, although 
the efficiencies for the usual conditions are given in the tables as 
255, 240 and 220 B. T. U., respectively. 

While it is common to carry from 2 to 5 pounds pressure in 
gravity plants using live steam it is desirable in exhaust heating 
to reduce this to a point as low as consistant with a proper dis- 
charge of air and condensation against atmospheric pressure. As 
air venting and steam circulation are somewhat more positive with 
a vacuum system the actual radiator efficiencies will be very 
nearly the same in the. average plant. 

Experience shows that forced hot water circulated at an 
average temperature of 200 degrees, with a drop not exceeding 
20 degrees, (210 to 190 degrees), will have an actual efficiency 
approximating that of steam at atmospheric pressure, although 
the theoretical efficiency is somewhat less. For these reasons 
some engineers make a practice of using the same radiator effi- 
ciency for all three classes of work. When a live steam heater 
is provided, initial water temperatures considerably higher may be 
employed, if desired. In the earlier systems of forced hot-water 
heating, lower temperatures were carried, thus requiring larger 
radiators than for steam. Under the conditions of modern prac- 
tice, efficiencies corresponding to those given for steam at at- 
mospheric pressure in Table X. may generally be used for all 
three classes of direct heating in connection with power work. 

When a cast-iron radiator is concealed by grille work, the sur- 
face should be increased at least 25 per cent and the openings so 
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arranged that the air will circulate freely over it. Coils hung 
near the ceiling should be increased in size from 30 to 40 per cent 
where it is desired to maintain a comfortable temperature near 
the floor. 

98. Efficiency of Indirect Graznty Radiation. — If it is simply 
desired to warm a room by indirect radiation, without reference 
to ventilation, the direct radiating surface may be computed and 
the result multiplied by 1.5. 

When definite conditions as to air temperature and volume are 
required, the following formulae may be used, 

^^LX55 



T—t 






55 
in which 

C = cubic feet of air required per hour, at temperature T, 
to bring in the necessary heat (L) to warm the 
room. 
L = heat loss from the room, in B. T. U. per hour, due to 

transmission and leakage. 
T = required temperature of air supply (C) to warm the 

room to 70 degrees. 
H = heat required, in B. T. U. per hour, to raise the air 
supply (C) from outside temperature to that of 
admission (T). 
t = room temperature, commonly taken as 70 degrees. 

Example. — ^The total heat loss from a room by transmission and 
leakage in zero weather is 30,000 B. T. U. per hour. The cubic 
contents of the room is 12,000 feet, and it is desired to change 
the air four times per hour. 

What volume of air must be supplied, and at what temperature 
must it be admitted to warm the room to 70 degrees ? 

What amount of indirect radiating surface will be required? 
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Applying the preceding formulae to the present case we have, 
C = 12,000X4 = 48,000 cubic feet per hour. 

30.000X56 

^ 58;o55- + ^« = i«^<'^^««^- 

104X48,000 
H = --^ = 91,000 B. T. U. in round numbers. 

Having determined the value of H, the square feet of indirect 
radiation required to warm the room may be found by the 
equation, 

E 

in which 

R = square feet of radiation. 

E = efficiency of radiator employed. 

The value of E depends upon the temperature of the radiator, 
the average temperature of the air passing over it, and the velocity 
of flow. 

With a velocity of 270 feet per minute, about 2.1 B. T. U. 
will be given off by the radiator per square foot of surface per 
hour, per degree difference between the average temperature of 
the air and that of the radiator. The average air temperature in 

0+104 
the present case is — ^ — = 52 degrees. Therefore, if steam at 

atmospheric pressure is used (212 degrees), the efficiency E will 
be (212— 52)X2.1 = 336 B. T. U. 

For other velocities the efficiency will vary and may be com- 
puted by use of Table XII. 

Table XII. 
Heat Transmission From Indirect Radiators To Air. 

B. T. U. given off per hour per square 

Velocity of air over heating sur- foot of surface per degree difference in 

face, in feet per minute. temperature between the radiator and 

surrounding air. 
150 1.54 

200 1.82 

250 2.02 

300 2.22 

350 2.42 

400 2.60 

450 2.72 

500 2.81 
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In practice it has been found safe in gravity heating to allow 
efficiencies of about 350 B, T. U. for dwellings, 450 B. T. U. for 
cottage hospitals, and 550 B. T. U. for schools, in the case of 
steam, with corresponding values of 260 B. T. U., 340 B. T. U., 
and 400 B. T. U. for hot water. 

99. Efficiency of Induction Heaters, — Heaters of this type have 
already been described in connection with the warming and venti- 
lation of bar rooms, laundries, loft buildings, etc., where discharge 
ventilation is produced by means of a fan and the air supply 
drawn in through heaters, as shown in Figs. 29 and 42, due to the 
suction effect of the exhaust. 

The conditions here are much the same as already described 
for indirect radiation, except the velocity of the entering air is 
usually somewhat greater than in gravity work, which increases 
the efficiency slightly. 

In the case of direct-indirect radiators, of the type shown in 
Fig. 15, an efficiency of 2 B. T. U. per square foot of surface 
per hour per degree difference between the radiator and average 
air temperature may be assumed, while with pin radiation and 
similar patterns, which break up the air currents more thoroughly, 
an efficiency of 2.4 B. T. U. may be used. 

Example, — A bar room 20X^0X15 feet has a heat loss, due 
to transmission and leakage of 20,000 B. T. U. per hour in zero 
weather. Exhaust ventilation is to provide eight changes of air 
per hour. 

What will be the required heating surface, in the form of direct- 
indirect radiators? Applying the formulae as before, we have, 
C = 20X40X15X8 = 96,000 cubic feet of air per hour. 
20.000X55 

H=!?><|^ = 143.000+B.T.U. 
55 

0+82 
Average air temperature, — = 41 degrees. 

Temperature of steam at atmospheric pressure, 212 degrees. 
E = (212— 41)X2 = 342 B. T. U. 

143,000 ^ . ,. . 

R = -— — — = 418 square feet of radiation. 
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In the case of laundries and loft buildings the process is prac- 
tically the same, except that direct radiation is commonly employed 
for heating and the induction stacks used simply for ventilating 
purposes. In this case, the required heat is determined directly 

by the formula H = — =^ — in which T is commonly taken as 72 

to 74 degrees, unless a portion of the warming is also done by the 
induction heaters. 
,When ventilation, only, is required, an efficiency of (212 — 36) 
X2.4 = 422 B. T. U. per square foot of surface per hour may 
be allowed for pin radiation with steam at atmospheric pressure. 

Steam Piping. 

100, Systems Employed. — Two general systems of steam 
piping are employed in large buildings, known as the "up-feed" 
and "down-feed" systems. In the first, shown in diagram in Fig. 
61, the distributing mains are run at the basement ceiling and the 
supply risers carried to the top of the building. In the gravity 
system either the single or double radiator connection may be 
used, as indicated in the cut. While this system is extensively 
used, under certain conditions, it is not so well adapted to tall 
buildings as the down-feed, shown in Fig. 62. In this case a 
single riser of sufficient size to supply the entire system, is carried 
to the top of the building, where it branches in the roof space, or 
at the ceiling of the upper floor, and connects with the various 
supply drops or "risers." This has the advantage of removing a 
considerable amount of piping from the basement ceiling, which 
is usually over-crowded with ventilating ducts and other equip- 
ment, and also serves to supply a sufficient quantity of heat just 
below the roof to offset the effect of a cold ceiling on the upper 
floor. The down- feed system is especially adapted to the single- 
pipe radiator connection, because the flow of steam and conden- 
sation being in the same direction, much smaller risers may be 
used. The up-feed, with single-pipe radiators, is limited to build- 
ings three of four stories in height, owing to the excessive size 
of the supply risers passing through the lower stories. This, 
however, is avoided to a large extent when the two-pipe system 
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is employed, but this arrangement adds another set of risers for 
bringing back the condensation. 

A scheme often employed in office buildings is shown in Fig. 
63, in which case the lower floor is supplied by a separate up- 
feed system and the remainder of the building by a down-feed 
system. 

The advantage of this is the elimination of supply risers from 
the banking rooms and offices on the first floor, while the drips 
from the floors above are so small that they may be easily con- 
cealed. Sometimes they are grouped together, thus reducing die 
number and assisting still more in the process of elimination. 
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Fig. 61. Fig. 62. 

Fig. 6 1 . Diagrmm of Piping for Upward Supply. 
Fig. 62. Diagram of Piping for Downward Supply. 

101. Expansion of Risers. — An important matter to be con- 
sidered in this class of work is the expansion of the risers. 

This may be provided for either by loops and swivels or by 
slip joints placed six or eight stories apart. Expansion loops 
require less care when once installed, but are rather difficult to 
conceal in buildings of modem fire-proof construction. Slip 
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joints, on the other hand, are easily installed and incased, but 
are more likely to bind or leak. However, with the low pressures 
carried in work of this kind the slip joint seems to give good 
satisfaction and is quite generally used in the best class of work. 
102, Pipe Sises for Gravity Return Systems. — Pipe sizes for 
steam systems in which the condensation returns to the receiving 
tank by gravity, are usually based upon the square feet of radia- 
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FIc. 63. Diacrun of Pipinc for Combined XJpwsnl and Downward Supply. 

tion which they supply, the length of run, and the drop in 
pressure at the extreme end of the line. 

Table XIII. gives sizes of steam and return pipes for varying 
amounts of direct radiation, based upon drops in pressure of 
one-quarter pound in 100, 200 and 400 feet length of run. Know- 
ing the pressure to be carried and the distance to the farthest 
radiator, the allowable drop in pressure is assumed and the main 
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or branch proportioned accordingly. Ordinarily the drop in 
pressure should not exceed one pound at the extreme end of the 
line, with a gravity return to the receiver. As the condensation 
in systems of this kind is usually trapped into a vented receiv- 
ing tank, against atmosphere, there should be an excess of pres- 
sure in the return sufficient to produce a free discharge of the 
trap into the receiver. Furthermore, a variation of pressure ex- 
ceeding one pound in different parts of the system is difficult 
to balance by the use of siphons and sealed returns. 

Under ordinary conditions an initial pressure of two pounds 
gauge may be carried on the heating system without materially 
increasing the back pressure on the engines over that when ex- 
hausting to atmosphere. This allows a drop in pressure of one 
pound at the end of the line and furnishes an excess of one pound 
above the atmosphere for the discharge of air and condensation. 
In many plants, however, the piping is proportioned for a 
working pressure of one pound or less. It may be noted in this 
connection that a plant designed for a maximum pressure of two 
pounds in zero weather will operate under a considerably lower 
pressure for a large proportion of the heating season. With a 
return-line vacuum system greater drops in pressure may be em- 
ployed for reasons described later. 

Table XIII. 
Pipe Sizes for Direct Steam Heating. 



Square feet of direct radiation. 


Size of pipe. 


Drop in pressure 


Drop in pressure 


Drop in pressure 




Dry 
return, 
inches. 


Wet 


K-Pound in 100 feet. 


>i -pound in 200 feet. 


>i-poundin400feet. 


inches. 


60 to 80 


40 to 60 


20 to 


40 


1 


1 


H 


80 •• 160 


60 " 100 


40 •• 


70 




1 


1 


150 •• 260 


100 " 160 


70 " 


120 


1 1^ 


1 


250 •• 600 


160 " 360 


120 " 


250 


2 


1^ 


\^ 


600 " 1,000 


350 •• 700 


250 " 


600 


2H 


2 


1.000 •• 1.600 


700 " 1.100 


600 " 


800 


3 


2H 


2 


1.600 •• 2.300 


1.100 " 1,600 


800 " 


1.200 


3H 


2H 


2 


2.300 " 3.300 


1.600 " 2.300 


1.200 " 


1.700 


4 


3 


2H 


3.300 '• 6,000 


2,300 " 4.000 


1.700 •* 


3.000 


5 


3 


2H 


6.000 " 10.000 


4.000 •• 7.000 


3.000 " 


5.000 


6 


3H 


3 


10.000 •• 14.000 


7.000 " 10.000 


6.000 " 


7.000 


7 


3H 


3 


14.000 •• 20,000 


10.000 •• 14,000 


7.000 •• 


10.000 


8 


4 


3 



103, Sises of Risers, — When the down- feed system is used, 
with single-pipe radiators, the supply risers may be taken from 
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Table XIII., using one-quarter pound drop in 100 feet for build- 
ings up to ten stories in height, and one-quarter pound drop in 
200 feet above that. Risers of this kind are reduced in size as 
they pass downward, according to the amount of radiation sup- 
plied, but not in exact proportion. As they carry both steam and 
condensation it is best to make the lower half one size larger 
than called for by the table, in order to reduce the velocity and 
prevent the water from being drawn into the radiators on the 
lower floors. In buildings over ten stories in height, two-thirds 
of the riser may be enlarged in thrs manner. 

The drips at the bottoms of the risers are commonly made 
somewhat smaller than the horizontal returns, due to their ver- 
tical position, and the following proportions may be used under 
ordinary conditions. 







Table XIV. 








Sizes of Dkips. 




Sise of supply riser at top. inches. Size of drip pipe, inches. 

1 to IH H 

2 •• 28 1 

4 •* 6 l8 



In the up-feed system, with two-pipe radiator connections, 
the supply risers may be taken from Table XIII., as they carry 
no condensation except that which is formed in the pipes them- 
selves. 

In case of the single-pipe connection, the steam and water are 
flowing in opposite directions, and the risers must be made much 
larger in order to reduce the velocity and prevent interference 
with the drainage. For this class of work Table XV. may be 
used. 



Table XV. 






Sizes of 


Up-Feed Riseks. 




Square feet of direct radiation. 


Size of riser, inches. 


20 to 40 
40 •• 80 
80 •• 100 
100 •• 150 
150 " 250 
250 •• 350 
350 ** 500 






3H 
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104. Pipe Sizes for Indirect Stacks, — The tables of pipe sizes 
already given may be used with sufficient accuracy for indirect 
gravity heating stacks, by counting each square foot of indirect 
surface as two of direct. 

Vacuum Systems. 

105. Types. — ^These are of two general types, known as "air- 
line" and "return-line" systems. In the first, shown in diagram 
in Fig. 64, the steam and return connections may be the same as 
with a gravity system, and either the single or double radiator 
connection used as preferred. The suction, or vacuum, in this 
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Fig. 64. DlAfTun of Air-Line Vacunm SyBtem. 
Fig. 66. Diagram of Retam-Iine Vacttum Syatem. 

case, is applied to the air valve, and does not affect either the 
pressure within the radiator or the return of the condensation. 

With the "return-line" system shown in Fig. 65, it is neces- 
sary to use the double or two-pipe radiator connection. In this 
case the usual return valve is replaced by an automatic valve, 
which allows the passage of air and water, but closes in the 
presence of steam. 

A vacuum pump is attached to the main return pipe, drawing 
out both air and water, which are discharged into a separating 
or receiving tank. From here the air passes to the atmosphere 
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and the water is returned to the boilers in the usual manner by 
a separate feed pump. 

106. Advantages and Limitations. — ^Vacuum systems of both 
types have special fields in which they may be operated to advan- 
tage, but this does not mean their use is advisable under all 
conditions. 

The air-line system is adapted to compact plants like office 
buildings where the ground area is small compared with the 
cubic contents. When used in connection with exhaust steam 
heating, where the condensation is trapped to a vented receiver, 
the principal advantage is a quick and positive removal of air 
from the system, as sufficient steam pressure must be carried in 
the radiators to discharge the condensation into the receiving tank 
against atmospheric pressure. 

Under these conditions, however, the ordinary automatic air 
valve, with drip-line connection, will accomplish the same result, 
although not so rapidly, perhaps, at low pressures. 

By using an independent receiver and return pump in place of 
the water-line trap, and running on a closed system, it is pos- 
sible to carry pressures below that of the atmosphere, thus giving 
a slight range of temperature control and avoiding additional 
back pressure on the engines. 

When a system for gravity return is well designed and pro- 
vided with pipes of ample size, there is very little to be gained 
by the use of an air-line system, especially in connection with 
automatic temperature regulation. 

The return-line system, under certain conditions, has several 
decided advantages over gravity heating. It is especially adapted 
to plants covering large ground areas and containing long runs 
of horizontal pipe. Connecting a suction to the main return re- 
duces the required pitch and prevents water-hammer, which is 
likely to occur in plants of this kind operated on a gravity return. 

Steam may be circulated at or slightly below atmosphere, thus 
relieving instead of adding to the back pressure. 

A plant equipped with this system may be warmed up quickly 
in the morning, and when the radiators are provided with 
graduated valves at the steam inlets, is capable of a fair degree 
of hand regulation. 

It will be seen by an inspection of Figs. 64 and 65 that the 
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vacuum only exists between the pump or exhauster and the 
automatic valves at the radiators. The flow of steam through 
the supply piping is due simply to the difference in pressure 
caused by the condensation of steam in the radiators, the same 
as in the gravity system. Lower pressures are possible in this 
case because it is not necessary for the air or condensation to 
discharge against the atmosphere, thus making it possible to 
lower the entire working range. 

107. Vacuum Carried, — Only enough vacuum should be car- 
ried to ensure a prompt removal of air and water from the 
radiators and to lower the initial steam pressure in the heating 
system to approximately that of the atmosphere. A high 
vacuum tends to produce a leakage of steam through the auto- 
matic valve into the return, and also to cause a part of the con- 
densation to flash into steam when the difference in pressure 
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Fig. 66. Radiator Connectioiis for Return- 
Line Vacuum System. 

between the radiator and return pipe is too great. Unless there is 
an abundance of exhaust for heating purposes, the presence of 
steam in the main return is a constant source of waste, due to 
the necessity of condensing it by means of a water jet. 

Ordinarily a vacuum of about 2 inches is carried at the most 
distant radiator. This may require a vacuum ranging from 3 
or 4 inches to 20 inches at the pump depending upon the lift 
and length of run. Under average conditions, however, this 
will not exceed 8 or 10 inches, although sufficient pump 
capacity is usually furnished for a 20-inch vacuum. 

108. Special Equipment. — In case of the air-line system the 
vacuum is produced either by a steam jet or electrically driven 
vacuum pump, depending upon the size of the plant. 
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The air valves used upon the radiators are of special design 
and form part of the regular equipment. 

In the return-line system the air is removed through the auto- 
matic return valve, together with the condensation, as already 
stated. Typical connections for the" radiators and coils are shown 
in Figs. 66 and 67, the latter illustrating a common method of 
catching dirt and scale before it enters the valve. The return 
from each radiator is provided with an automatic valve; also 
the drips from the bottoms of all supply risers and the ends 
of all steam mains. Pump connections are shown in Fig. 68. 
This equipment includes a strainer in the main return, with cold 
water jet, a controller for regulating the speed of the pump to 



c 



c 



ID 



_»«Iauto. 

VALVE 



%, 



I 



X 



c 



AUTO. 
VALVE 



c 



m^^^M^M Wa ^ ^ -^ ■- ^'^^^^'-^^nrp 
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maintain a constant vacuum of the desired strength, and gauges 
for indicating the supply and return pressures in the heating 
system. The usual vented receiver commonly takes the place of a 
special separating tank, although the latter is required when the 
condensation is discharged into an open feed-water heater. 

Sometimes the arrangement of a plant is such that the radia- 
tion occurs in two or more widely separated groups, and the re- 
turns from different buildings are connected with a single 
vacuum pump in the power house. It is evident in cases of this 
kind that the buildings nearer the pump will have a consider- 
ably higher vacuum unless means are taken to equalize the 
pressures in the different return lines. This may be done by 
the arrangement shown in Fig. 69, which reduces the vacuum 
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in the nearest group and traps the condensation from it into 
the high vacuum line from the more distant one. 

109, Pipe Lines and Sizes, — As already stated, the method of 
running the supply and return piping does not differ from the 
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Fig. 68. DetaO of Connections at Vacuum Pump. 

ordinary gravity system, except the radiators must always have 
a double connection when a return-line vacuum is employed. 
One advantage of the latter method is the ability Ho lift the 
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Fig. 69. Detail of Connections for Vacuum Controller. 



condensation a certain height, thus making it possible to carry 
the return overhead as shown in Fig. 70, which is often a matter 
of much convenience. 
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While somewhat smaller pipes are often used in vacuum heat- 
ing than with a gravity return, it is better to make the reduction 
chiefly in connection with the return pipes. Table XIII. may be 
used for the supplies the same as in gravity heating, although 
a larger drop in pressure may be allowed owing to the fact that 
the air and condensation are discharged below atmosphere, and 




Fig. 70. Vacnnm Syitam with Ortiliaad Retarn. 

pressures in the return system are equalized. Table XVI. gives 
sizes of return pipes for different amounts of direct radiation for 
return lines from 200 to 600 feet in length. 

Table XVI. 
Returns for Vacuum Heating. 



Square feet of direct radiation. 


Size of 
return. 


200-foot run. 


400-foot run. 


flOO-foot run. 


inches. 


250 


200 


160 


K 


800 


600 


500 


1 


2.000 


1.500 


1.200 


IH 


4.500 


3.500 


3.000 


IH 


9.000 


7,000 


6.000 


2 


15.000 


12.000 


10.000 


2H 


25.000 


20.000 


16.000 


3 


38.000 


32.000 


26.000 


3H 



The sizes in the above table allow for a small amount of con- 
densation in the returns themselves, and are somewhat larger 
than given by some manufacturers of vacuum equipment. 

110. Vacuum Pumps, — Both direct-acting steam pumps of 
the single cylinder type, and motor or turbine driven rotary 
pumps are used in connection with vacuum heating. 

While the former is wasteful in the use of steam it is easily 
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regulated to maintain any desired vacuum and is extensively 
used for this purpose. When there is an abundance of ex- 
haust from the main engines for all heating purposes it is 
usually more economical to employ a motor-driven pump in 
plants of large size. 

Table XVII. gives the required size of vacuum pump for 
different amounts of direct radiation. In this table account has 
been taken of the probable number of automatic valves as well 
as the amount of radiating surface. 

Different makes of pumps will vary somewhat in their dimen- 
sions for the same capacity, but the following, rated on a 
steam pressure of 100 pounds, will serve as a guide in making 
a selection. 

Table XVII. 

Vacuum Pumps. 





Size of pump. 




Size of openings. 




Square 














feet of 
direct 


Diameter 


Diameter 


Length 










radiation. 


steam 


water 


Steam, 


Exhaust. 


Suction. 


Discharge, 




cylinder. 


cylinder, 


stroke. 


inch. 


inch. 


inch. 


inch. 




inch. 


inch. 


inch. 










2.000 


3 


4 


4 


H 


H 


2 


IH 


4.000 


4 


5 


5 




3 


2H 


6.000 


4 


6 


5 


1^ 


^ 


3 


2H 


8,000 


6 


6 


6 


1^ 


3 


2H 


10.000 


• 5H 


6 


7 


H 




3H 


3 


12.000 


6H 


7 


7 


H 




3^ 


3 


15.000 
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When the pump suction is larger than the corresponding return 
it should be bushed down to the same size. Vacuum pumps 
like all other special equipment of a similar kind should always 
be furnished in duplicate in order to guard against accident. 

Forced Hot-Water Heating. 

111. General Advantages. — Hot- water heating under gravity 
conditions is not adapted to large buildings owing to the weak- 
ness of the force which produces a circulation through the sys- 
tem. 
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This difficulty, however, is easily overcome by placing a pump 
in the circuit, by means of which the water may be forced 
through the mains and branches at any velocity desired. 

The principal advantage of a heating system of this kind over 
steam is the wide temperature range of the heating medium, thus 
making it possible for the engineer to gauge the capacity of his 
plant to varying outside weather conditions. This results not 
only in greater comfort to the occupants of the building, but also 
reduces the waste of heat through over-heating and open win- 
dows. With automatic temperature control there is probably 
very little choice between steam and hot water, as regards com- 
fort and cost of operation ; but with hand control, even in the case 
of vacuum systems equipped with graduated valves, hot water 
has the advantage in these respects in the average building. 

There may be other factors, however, which are decidedly in 
favor of steam, so that each plant should be studied from all 
points before making a decision between the two systems. 

The objection formerly raised regarding increased radiating 
surface is now overcome by circulating the water at practically 
the same temperature as low-pressure steam in the coldest 
weather. 

112, Systems of Piping, — Typical arrangements for forced 
hot-water heating are shown in diagram in Figs. 71 and 72. The 
important points to be considered in laying out a system of 
piping are positive and rapid circulation through the radiators ; a 
uniform resistance through all parts of the system, avoiding so 
far as possible the necessity of throttle valves to prevent short- 
circuiting; and in general with other systems of piping, 
economy of installation. 

One common arrangement is to carry a circuit main around 
the basement, connecting both supply and return risers into the 
same pipe and depending upon the difference in pressure be- 
tween the points of connection to produce a flow through the 
radiators. The objection to this is the cooling effect of the return 
water as the distance from the heater increases, thus requiring 
larger radiators to offset it. 

The plan illustrated in Fig. 71 operates upon this general prin- 
ciple, but is so arranged as to reduce the cooling effect to a 
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point, where with a rapid circulation, an increase of radiation is 
not necessary. 

In this case a main supply riser is carried directly to the top 
of the building and provided with an air trap. From here the 
pipe passes downward, with a branch taken off at each story, 
connecting with a corresponding return drop at the other side of 
the building. The radiators are connected up for supply and re- 
turn as indicated, and, as the number on each branch is com- 
paratively small, the cooling effect is not appreciable. In very 
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Fig. 71. 



Fig. 72. 



Fig. 7 1 . Hot-Water System with Shunt Supply. 
Fig. 72. Hot-Water System with Downward Supply. 

large buildings, however, it may be necessary to divide the 
radiation on each floor into two or more groups in order to keep 
up the temperature at the end of the line. While a separate 
riser to the top of the building with a downward feed is more 
expensive to install, it has the advantage of preventing air in 
any quantity from reaching the radiators, and also makes the 
length of the circuit, from pump discharge to suction inlet, 
through each series of radiators the same, thus equalizing the 
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resistance and tending to produce an even circulation through 
all parts of the system. Finer adjustment may be made, if re- 
quired, by the use of throttle valves placed in the branch from 
each floor near its connection with the main return. Sometimes 
the returns are carried to the basement separately, in order to 
make these valves accessible to the engineer at all times. The 
horizontal branches between the supply and return drops may 
be carried either behind removable bases or in a space beneath 
the finished floor. In the two-pipe arrangement, shown in Fig. 
72, the main riser and air trap are the same as in the system just 
described, but the discharge from each radiator passes directly 
into the return without entering any of the others. This avoids 
the cooling effect previously noted, and also makes it possible to 
force the water through the radiators at a higher velocity in case 
it is desired to increase their capacity temporarily. 

Here, as in Fig. 71, the arrangement is such that the length 
of the circuit through each riser is practically the same. 

113. Pipe Sizes, — ^The first step in computing the size of main 
for a given system is to determine its effective length, which is 
equivalent to the length of the circuit, from discharge to inlet 
of pump, plus the frictional resistance of bends, expressed in 
feet of additional pipe. In estimating the latter, short-pattern 
fittings may be taken as 9 and 17 feet for ells and tees respect- 
ively; while for long-turn fittings, these figures may be re- 
duced to 4 and 9 feet. Swing checks may be taken from 25 
to 50 feet according to size. 

The actual length of the circuit, in Fig. 71, is from the pump 
discharge to the top of the main riser, across the building, down 
the main return drop, and back to the pump. With the arrange- 
ment of piping shown, this distance is the same through each 
group of radiators. In case of Fig. 72 the method of measure- 
ment IS practically the same. 

The next step is to compute the gallons of water to be cir- 
culated through the system per minute. This depends upon the 
B. T. U. to be supplied and the assumed drop in temperature, 
and is given by the formula 

8.3xr 
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in which 

G = gallons* of water to be circulated per minute. 
// = B. T. U. to be supplied per minute, 
T = drop in temperature, commonly taken as 20 de- 
grees under average conditions, although greater 
drops are sometimes employed. 

The total B. T. U. to be supplied may be computed by the 
methods described or determined by multiplying the total radiating 
surface by its efficiency under the assumed conditions, increasing 
the result 20 per cent for pipe losses. In each case the heat 
quantity is to be reduced to B. T. U. per minute. 

Velocities ranging from 5 to 10 feet per second are commonly 
employed in the mains, depending upon their size, with friction 
heads limited to 30 or 35 feet, although resistances somewhat 
higher may be operated against by using pumps designed es- 
pecially for the work. 

In case of the smaller branches the velocity should be less 
than in the mains in order to maintain the same drop in pres- 
sure per unit of length. Velocities of 3 or 4 feet per second are 
common in pipes of small size. Smaller mains are less expensive 
to install, but increase the friction head and cost of pumpage; 
hence a compromise must be made to secure the most economical 
results. 

As the static pressure of the water is the same on both sides 
of the pump the only work required is that of overcoming the 
frictional resistance within the mains. This pressure, however, 
must be considered in connection with the strength of the radia- 
tion and tightness of joints. In general, the static head should 
not exceed about 100 feet, which, with a differential pressure of 
35 feet, makes a total pressure of (100-{-35)X0.4 = 54 pounds 
per square inch on the discharge side of the pump. In the case 
of tall structures, where it is necessary to limit the static pres- 
sure, the building is divided into sections of eight or ten stories, 
and each provided with its own equipment of pumps and heaters. 

Table XVIII. gives the capacities, velocities, and friction heads 
for pipes of different size within the usual working range. 

For conditions not included in the table, computations may be 
made with sufficient accuracy by means of the empirical formula 



Digitized by 



Google 



H^ 



STEAM AND HOT-WATER HEATING 



103 



l,200d 
in which 

H= friction head, in feet 
V = velocity of flow, in feet per second. 
. L = length of pipe, in feet. 
d = diameter of pipe, in inches. 



Table XVIII. 
Friction Heads por 100 Feet Length of Pipe. 
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For small differences, values may be interpolated in the table 
as illustrated in the following example. 

Example. — A 10-story building is to be equipped with a hot- 
water system of the type shown in Fig. 71. What size of main 
will be required, and what should be the size of offtake to each 
floor under the following conditions ? 

Height of vertical sections of main, 140 feet. 

Length of horizontal sections of main, 100 feet. 

Square feet of radiation on each floor, 800 feet. 

Average temperature of water, 200 degrees, with drop of 20 
degrees in circuit. 

Taking up the different steps in the order described we have — 

Total length of circuit, 140-fl404-1004-100=480 feet, which 
may be taken as 500 feet in round numbers, to include the effect 
of fittings. 

Quantity of water to be circulated = 

800X10X220 
8.3X20X60 = ^^^ ^"^"^ P"' "^^""'"- 

Interpolating in Table XVIII., between the values for 150 and 

200 gallons per minute, the approximate values for velocity and 

friction head for a 4-inch pipe are found to be 4.5 and 2.5 feet 

respectively, making a total head of 5X2.5=12.5 feet for the 

entire circuit, against which the pump must operate. 

177 
Each supply branch across the building must carry -r^ =17.7 

gallons per minute under approximately the same friction head 
per unit of length. 

Table XVIII. shows that a IV^-inch pipe will discharge 18 
gallons per minute with a head of 3.5 feet, or a 2-inch pipe will 
discharge 20 gallons with a head of 1.2 feet. As the frictional 
resistance of the entire circuit is low, it would probably be best 
to use the smaller size and carry a differential pressure on the 
pump of 5 X ''^.5= 17.5 feet, which comes well within the work- 
ing limit for efficient operation. 

m. Expansion Tank, — This should have a capacity equal to 
at least twice the increase in volume of the water in rising 
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through 150 degrees in temperature and is given approximately 
by the equation 

V = 0.025X/^ 
in which 

[/ = capacity of tank, in gallons. 
R = square feet of radiation. 
This takes into account the water in the piping and allows 
ample air-space in the tank. 

As it is desired to carry temperatures at or above the boiling 
point, closed tanks are used, generally located near the pumps. 

A typical arrangement for a tank 
of this kind is shown in Fig. 73, 
in which a constant air pressure is 
maintained above the water by a 
combination of relief valve and 
automatic air pump. 

When the water expands, due to 
a rise in temperature, the air in the 
upper part of the tank is com- 
pressed and a sufficient amount es- 
capes through the relief valve to 
prevent the pressure from exceed- 
ing a given point. A fall in the 
water level reduces the air pressure, 
which is at once made up auto- 
matically by the compressor. Ad- 
ditional water is admitted 
* from time to time, as needed, 

Pig. 73. Piping Diagram for Closed ^y means of City pressure or 

Expansion Tank. ,- « i i 

a small pump under hand 
control. When for any reason it is desired to place the tank 
at the top of the system, the arrangement shown in Fig. 74 may 
be used. In this case air is admitted through a check valve open- 
ing inward under atmospheric pressure, and the water sup- 
plied as needed, by means of a float valve. In the Schott sys- 
tem shown in Fig. 75, an increase in pressure, due to expansion, 
opens a relief valve and allows the surplus water to flow 
into an open tank. When the pressure falls, water is forced back 
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into the system automatically by the balanced-column pump, 
shown near the relief valve. 

The pressure carried on any system will depend upon the 
maximum temperature it is desired to maintain in the radiators. 

115. Air Venting, — All high points in the piping system 
should be provided with automatic air traps, and key air valves 
should be furnished on all radiators. Any good form of float 
steam trap may be used for air venting, provided the discharge 
valve is exposed when placed bottom upward. 

116. Heaters — ^Live-steam heaters are preferable to hot- 
water boilers for two principal reasons; first, the temperature of 
the water is under better control, and second, because high pres- 
sure steam boilers are available either for power or heating 
purposes. Hot-water boilers, on the other hand, should be in 
duplicate to guard against accident, and must in any case be laid 




Fig. 74. PIpiBC Diacnm for 
Oyerhead Ezpuulon Tank. 

off during the non-heating season, thus adding to the cost of the 
equipment over that when steam alone is used. 

Combined power and heating plants should, in general, be 
provided with both exhaust and live-steam heaters, the latter 
being of sufficient capacity to do the entire work, when the en- 
gines or turbines are not in use. When there is an abundance 
of exhaust for all heating purposes, there is no necessity for a live- 
steam heater unless it is desired to obtain a higher water tem- 
perature than is possible with steam at exhaust pressure. When 
the demands for heating exceed the supply of exhaust steam, for 
short periods, the deficiency may be made up by admitting live 
steam to the heater through a reducing valve. 
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If live Steam is to be used in any considerable amount it is 
more economical to employ an independent heater and return the 
condensation to the boilers by gravity. 

If trapped to the hot-well or a vented receiver, part of the 
water will break into steam upon release from the higher pres- 
sure and so pass off through the vapor pipe as waste heat. 

Sometimes, when live steam is required only in extreme 
weather, the condensation is trapped into the exhaust heater 
where it is re-evaporated at the lower pressure. 

If reciprocating engines are used, the exhaust should be passed 
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Fig. 76. Piping Diagram for Schott System. 

through an efficient oil separator before entering the heater in 
order that the condensation may be returned to the boilers. This, 
however, is not necessary in the case of turbines, which require 
no oil in the steam passages. 

If a pressure above that of the atmosphere is always main- 
tained in the exhaust heateri and the relative elevations are right, 
the condensation may be trapped to the hot-well or receiving 
tank, otherwise a pump should be employed which makes 
drainage possible at all times without regard to the pressure 
within the heater. The exhaust from this pump, as well as 
from all other auxiliaries, should be utilized either in the main 
heater or in a special feed-water heater. 
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The tube surface of a heater is much more efficient when the 
water passes through the tubes with the steam on the outside, 
owing to its higher velocity over the heating surfaces. 

The transmission of heat is effected not only by the velocities 
of the steam and water but also by the accumulation of grease 
upon the tubes, the dripping of condensation from one tube 
to another and also by the presence of air. While comparatively 
high efficiencies are obtained in modern condenser practice the 
same results are not possible in heaters of this type owing to the 
different conditions under which they operate. For the average 
velocities employed, and without special provision for the re- 
moval of air, except the usual vents, a transmission of 250 to 300 
B. T. U. per square foot of surface per hour per degree dif- 
ference between the temperature of the steam and the average 
temperature of the water may be assumed for brass tubes. With 
higher velocities of flow, clean tubes, and more efficient air vent- 
ing, a transmission of 300 to 350 B. T. U. may be obtained. Ex- 
aminations of a considerable number of plants recently installed, 
showed the heaters to be designed for transmission factors 
ranging from 250 to 300 B. T. U. 

Various reported tests give considerably higher rates of trans- 
mission than are commonly obtained in practical work. 

In order to secure the highest efficiency the heater should be 
so designed that the water will pass through the tubes under 
approximately the same velocity and pressure head as in the 
mains connecting with it. 

117. Circulating Pumps. — The centrifugal or turbine pump 
driven by a direct-connected motor or steam turbine is best 
adapted to this work. In power plants generating their own 
electricity the motor drive is usually more economical and is com- 
monly employed for day work. This should be supplemented by 
a steam turbine unit for night use or -at other times when electric 
current is not available. 

Each pump should be capable of doing the entire work in 
case of accident or repairs. The horse power required for driving 
the pump is given by the formula, 
FXGX8.3 



H. P.= 



33,000X£ 
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in which 

F = total friction head pumped against, in feet. 

G = gallons of water discharged per minute. 

E = efficiency of pump. 
118. Pump and Heater Connections, — A typical pump and 
heater equipment, showing the various connections, is illustrated 
in Fig. 76. Pump No. 1 is motor driven, while No. 2 is con- 
nected with a steam turbine for independent operation. Con- 
nections with the main return are such that they may be rim sep- 
arately or in series as desired. 

Although each pump should be capable of moving the full 
volume of water under the required head, it is sometimes desir- 




Fig. 76. Diacrain of Pump and Heater Connectioiu for a Single Low- 
pressure Heater. 

able to increase the radiator and heater efficiencies temporarily by 
circulating the water at a higher velocity. When the pumps are 
in series this may be done, as the pressure "heads are added when 
operated in this way. The plant shown is provided with an ex- 
haust heater, only; more heating capacity being furnished by 
admitting live steam through a reducing valve. The condensa- 
tion is returned to the hot-well by a separate turbine-driven 
pump. 

The heater connections for a plant using both exhaust and live 
steam are shown in Fig. 77, the high-pressure heater being ar- 
ranged for a gravity return of condensation to the boilers. When 
the height from the water line to the bottom of the heater is 
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less than 10 feet, a live-steam connection should be made with an 
injector tee in the return, as shown at A, to overcome the drop 
in pressure in the heater under heavy service. 

Variations in water temperature are secured by throttling the 
steam supply to the heater which reduces the pressure and al- 
lows the condensation to collect and partially submerge the tubes, 
thus reducing their efficiency. The two heaters are connected 
in series, and so valved that they may be operated separately or 
together. 

119, "Vacuo" Hot-Water Heating.— This term is applied to 
systems where the exhaust or low-pressure heater is operated 
as a condenser, and where the radiation takes the place of a 
cooling tower. 




Fig. 77 Diagnun of Connections for Live Steam and Exhaust Heaters. 

In addition to this, the plant is usually provided with a 
regular condensing outfit for use during the non-heating season 
and for supplementing the action of the heater when needed. 

The advantages of this arrangement are greater economy in 
the generation of power, and a wide temperature range under 
which the water may be circulated, due to the low pressures and 
temperatures existing in the heater. 

Higher temperatures may be secured at any time, when needed, 
by diverting varying proportions of the water through a live- 
steam heater connected as shown in Fig. 77, or by passing the en- 
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tire volume of water through the secondary heater and varying 
the temperature by throttling the steam supply as already noted. 

A typical lay-out for a system of this kind is shown in Fig. 78. 
It will be seen by examination that both heater and condenser 
are so connected with the exhaust main, hot-well and dry-air 
pumps that they may be operated independently if desired. 

When the amount of exhaust steam exceeds the condensing 
capacity of the heater, under the desired vacuum, valve A may 
be closed and B opened, and the surplus steam from the heater 
allowed to pass into the condenser through valve C, which may 
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Flf. 78. System of *'Vacuo" Hot-Water Heatiiig. 

be adjusted to produce the required vacuum in the heater. Un- 
der these conditions a full vacuum may be carried in the con- 
denser, regardless of that in the heater, and may receive the ex- 
haust from other units if desired through an independent connec- 
tion as shown. 

The condensing capacity of a given heating system, in pounds 
of steam, is easily determined by computing the heat given off by 
the radiation per hour, in B. T. U., and dividing the result by the 
latent heat of steam at exhaust pressure. 
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CHAPTER IIL 

WORKING DATA FOR HOT-BLAST HEATING AND 
VENTILATION. 

The special requirements of different buildings, as regards 
ventilation, have been considered in some detail in Chapter I,, 
together with the general methods employed for the supply and 
removal of air in each case. 

The present chapter deals with the selection and arrangement 
of ventilating equipment and the computations involved in pro- 
portioning the different parts for various requirements. 

General data relating to the composition of the air and the 
methods employed for determining and maintaining definite 
standards of purity have been fully covered in other books and 
will not be repeated here. 

Fans. 

120. Types Employed, — Two distinct types of fans are used 
in ventilating work, known as centrifugal and propeller fans, each 
having its own particular field althoTigh they may overlap in 
some cases. 

121. Centrifugal Fans. — ^These mclude the regular paddle 
wheel blower or exhauster, the multivane fan, and the cone fan. 

The first of these is the standard type and is used more widely 
than any other although the multivane fan is rapidly coming 
into general use owing to its smaller size for a given capacity, and 
its higher efficiency. 

Both of these types are positive in their action and easily give 
the pressures necessary to force the air through long ducts at 
high velocities. 

They are used almost exclusively for air supply in all classes 
of large buildings and for exhaust ventilation also in the case of 
shops, factories, office and municipal buildings, or wherever the 
vent flues and ducts offer considerable frictional resistance. 

Cone fans are often employed in schools and churches where 
large volumes of air are moved under comparatively low pres- 

112 
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sures. They are usually made to discharge into a large chamber 
from which distributing ducts lead to different parts of the 
building. 

122. Propeller Fans. — ^These are adapted to conditions like 
those shown in Fig. 24, where the air is drawn from large gather- 
ing chambers and discharged directly outboard against a low 
resistance as in the case of churches, schools, and hospitals. The 
smaller sizes are extensively used for local ventilation in rooms 
of various kinds. Propeller fans are light in construction as 
compared with the centrifugal type and are capable of handling 
large volumes of air with a small expenditure of power when 
operated under the conditions for which they are designed. 

123. Fan Drives. — Ventilating fans may be driven either oy 
steam engines, turbines, or electric motors, according to circum- 
stances. When the exhaust can be utilized in the heater, an en- 
gine or turbine is usually more economical to operate where it is 
necessary to vary the fan speed to any great extent during dif- 
ferent periods of the day. Where electricity is generated on the 
premises, motors are usually employed for all fan work, especially 
where ventilation is provided throughout the year regardless of 
heating, and where the exhaust from an engine would be wasted 
during the summer. Again, the matter of convenience and quiet- 
ness of action often leads to the use of motors even at an in- 
creased cost of operation. 

124. Motors for Ventilating Work. — As it is frequently de- 
sirable to connect the motor directly with the fan shaft a direct 
current is preferable in ventilating work. When this is not avail- 
able, and an alternating current must be employed, it becomes 
necessary to use a belted motor in order to obtain the required 
speed reduction. 

Shunt motors on constant potential circuits are best adapted 
to fan work, being self -regulating and running at a sufficiently 
constant speed for all practical purposes. 

126. Speed Regulation. — This is obtained by the use of a regu- 
lating rheostat, which is similar in principle to a starting rheostat 
although somewhat different in construction. Starting rheostats, 
however, should never be used for speed regulation, as they are 
usually very compact and have a relatively small surface exposed 
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to the air. They do not heat much during the short time required 
for starting, but if allowed to carry the armature current con- 
stantly they are liable to bum out. Standard regulating rheostats 
for armature resistance give a variation in speed of about 50 per 
cent, and are commonly used for motors of less than 10 or 15 
horse power. They have the disadvantage, however, of poor 
economy, because of the energy lost in heat. 

126. Regulating by Varying Strength of Field, — Regulation by 
this means is generally accomplished by placing a rheostat 
in the field circuit. In this way the current passing through 
the field coils may be changed, and the field strength varied as 
desired. 

The coils for armature and field resistance are usually com- 
bined in the same rheostat, so that moving the lever toward the 
right increases the speed of the motor by first cutting out the 
resistance in the armature circuit. A further movement of the 
lever throws an increasing resistance into the field circuit, thus 
weakening it and causing the speed to increase still more. 

A speed variation of 100 per cent is commonly obtained with 
rheostats of this kind. 

127. Regulation of Alternating-Current Motors. — An alter- 
nating-current motor of the induction type is a constant field 
machine, and therefore tends to run at a constant speed. A 
variable speed may be obtained either by changing the primary 
voltage of the motor or by introducing a resistance into the sec- 
ondary circuit. 

While induction motors are commonly used for running eleva- 
tors, and similar purposes, where the reduction of speed is for 
short intervals, they are not so well adapted to ventilating work, 
where the requirements of speed regulation are much more 
severe. 

128. Mechanical Regulation. — ^The continuous use of rheostats 
for speed regulation should be avoided when possible, it being 
better in the case of enclosed fans of the blower type to use 
throttling dampers in the airways, rather than depend entirely 
upon cutting down the speed. It is desirable at times, however, 
to reduce the capacity of a fan temporarily, as for an evening 
lecture or entertainment in the hall of a school building. In cases 
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of this kind the speed may be reduced for two or three hours by 
the use of a rheostat without a serious waste of energy. 

If, in any given case, an alternating current must be used, a 
high-speed motor with belt connection is necessary. 

129. Foundations. — It is of great importance to have the motor 
mounted upon a solid foundation, otherwise the vibration will 
cause sparking at the brushes and also prove objectionable on 
account of the noise produced, especially in buildings like schools, 
churches, etc. 

Small motors may be supported in a variety of ways depending 
upon local conditions. They are often placed upon a shelf or 
bracket securely bolted to a brick wall, or in other cases hung 
from the roof construction of a building when used in connection 
with attic ventilating fans. 

The larger sizes, such as are employed for driving blowers and 
exhausters, are generally placed upon solid brick or concrete 
foundations. If bricks are used they should be hard burned, and 
laid in a good quality of cement mortar; a substantial wooden 
frame should be placed over the brickwork to form an even sup- 
port for the base of the motor to rest upon. If the machine is 
of the belt-driven type, it must be provided with a sliding bed- 
plate, having holding-down bolts and tightening screws for align- 
ing and adjusting the belt. 

The smaller sizes of direct-connected motors are usually bolted 
to the iron framework of the fan casing, while those of larger size 
are mounted upon a separate foundation and connected to the 
fan shaft by means of a flexible coupling. 

ISO. Sound Insulation, — When it is necessary to reduce the 
vibration to a minimum, a sound deadener, made up of several 
layers of hair felt between two sheets of lead may be placed be- 
tween the base of the motor and the foundation, before drawing 
down the anchor bolts. 

In the case of small motors which are placed on brackets or 
other similar supports, thick nibber washers may be substituted 
for the felt. Still further insulation may be procured by covering 
the motor with a wooden box lined with felt and asbestos paper, 
care being taken to provide suitable openings for air circulation. 

Another very satisfactory arrangement, which is adapted to 
engines also, is to build an 8-inch wall of brkk or concrete 
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around the central foundation about 8 inches distant, and pack 
the space between with moist sand, as shown in Fig. 79. 

131. Capacity of Centrifugal Fans, — (Paddle wheel type.) — 
The capacity of a fan of this type depends upon the diameter 
and width, the speed, and the resistance against which it operates. 



Sfll£H( 



1~~T 



T^ 



Fig. 79. Sotmd Deadening Foundation for Large Motori. 

The following formulae are derived from an extended series 
of tests upon a standard blower of the paddle wheel type and 
give results corresponding very closely with those obtained in 
practice. 

V = 2DNAB 
V 



N = 



2DAB 
in which 

V = cubic feet of air discharged per minute. 

D = diameter of fan wheel, in feet. 

N = revolutions per minute. 

A = 3, factor, depending upon diameter of fan, (see Table 

XIX.). 

S = a factor, depending upon resistance operated against, 

(see Table XX.). 

The values of A, given in the table, are based upon the 

assumption that the width of the fan at the periphery is 0.5 the 

diameter. If the width is greater than this, increase A in the 

same proportion. For example, if the width is 0.6 the diameter 

for the make of fan used, multiply the tabulated value of A by 

^-^= 1.2 
0.5 
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Table XIX. 


[ Constants 


FOR Diame: 


Diameter of 


Value of "A' 


fan in feet. 


in formulae. 


3 


2.9 


3H 


3.9 


4 


5.0 


434 


6.2 


5 


7.6 


6 


10.7 


7 


14.4 


8 


18.6 





23.4 


10 


28.7 



The resistance against which a fan operates varies with the 
friction in the ducts, which in turn, depends upon the length of 
run, the number of bends and the velocity of air flow. 

In assuming the factor B, the following buildings are given 
as illustrating types in which the flue velocities and resistance 
to air flow are similar. These factors are based on experience, 
and will vary with the depth of heater, velocity of air flow, length 
of ducts and number of bends. 

The lowest value (0.6) is for shops and factories employing 
deep heaters from twenty to twenty-eight pipes in depth with high 
air velocities of 1,800 to 2,000 feet per minute. The highest (0.9) 
applies to schools and churches with shallow heaters of open pat- 
tern and comparatively short ducts of large size. Between these 
extremes is a wide variety of conditions where the factor for 
resistance must be estimated from experience. 

Table XX. 
Fan Constants for Resistance. 

Type of building. Value of " B" 

in formulae. 

Shops, foundries, factories, etc 0.6 to 0.7 

Office and municipal buildings, hotels 0.7 0.8 

Schools, churches and halls 0.8 0.9 

The maximum speed at which a fan should run will depend 
within certain limits, upon the quietness of action it is desired to 
maintain. For ordinary conditions the following limiting speeds 
may be taken as corresponding well with practice, although with 
properly balanced fans, rigidly supported, they may be slightly 
exceeded without undue vibration. 
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Table XXI. 
Fan Speeds por Dipfepent Peripheral Velocities. 





Maximum revolutions per minute. 


Diameter 
of 


Shops and 


Office and municipal 


Schools and 


fan. 


factories. 


buildings. 


churches. 


in feet. 


(approx. peripheral 
vel. 5,600 ft. permin.). 


(approx. peripheral 
veL4.600ft. permin.). 


vel. 3,500n. per min.) 


3 


600 


490 


380 


3>4 


600 


420 


320 


4 


450 


360 


280 


4hi 


400 


320 


250 


5 


360 


280 


220 


6 


320 


260 


200 


7 


270 


220 


170 


8 


240 


190 


150 


9 


210 


170 


130 


10 


190 


150 


120 



Table XXII. gives the cubic feet of air in round numbers, de- 
livered by fans of different diameters for the speeds given in 
Table XXI. with values of B from Table XX. 

Table XXII. 
Fan Capacity por Dipperent Conditions. 





Cubic feet of air per minute for the 


Diameter 
of 
fan 


the speeds given in Table XXI. 


Shops and 


Office and 
municipal 
buildings, 
"B"-0.7. 


Schools and 


in feet. 


factories, 
•'B"-0.6. 


churches. 
"B" -0.8. 


3 


6.200 


5.900 


5.300 


3H 


8.200 


8.000 


7.000 


4 


10.800 


10.000 


9.000 


4H 


13.400 


12.500 


11.200 


6 


16.400 


14.900 


13.400 


6 


24.600 


23.300 


20.500 


7 


32,700 31.000 


27.400 


8 


42.800 39.600 


35.700 


9 


53.000 50.000 


43.800 


10 


65.400 60.000 


55.000 



Example, — ^What volume of air will be delivered by an 8-foot 
fan at 200 r. p. m. when used for the ventilation of an office 
building ? 

In this case 

D = 8, AT = 200, A == 18.6, B =0.7 
from which 

V = 2X8X200X18.6X0.7 = 41,600 cubic feet per minute 

Example. — A shop building is to be supplied with 22,000 cubic 
feet of air per minute, what should be the diameter and speed of 
fan? 
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Looking in the column for "Shops and Factories'* in Table 
XXII. it is found that this quantity comes between the limiting 
volumes given for 5-foot and 6-foot fans. As it is nearer the 
latter, the larger size will be chosen. The next step is to com- 
pute the required speed. 
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Flf. 80. Hone Power Chart for Centrifufal Fani, 

Here we have 

V = 22,000, D = 6, ^ = 10.7, B = 0.6 
from which 

22,000 



iV = 



= 286 r. p. m. 



2X6X10.7X0.6 

In both of these examples the width of fan at the periphery 
has been assumed equal to 0.5 the diameter, which corresponds 
closely to the average fan of standard make. 

1S2, Power for Driving Fans. — The power required for driving 
a fan varies with a number of governing conditions, hence for- 



Digitized by 



Google 



120 



COMBINED POWER AND HEATING PLANTS 



mulae applying with any degree of accuracy are somewhat cum- 
bersome to use. 

The curves given in Figs. 80 and 81 have been plotted from 
tables of horse powers and include the effects of speed, air vol- 
ume, efficiency, etc., and are to be used in connection with the 
tables and formulae already given for capacity at different speeds. 
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BRAKE HORSE POWER 
Fig. 81. Hone Power Chart for Centrifucal Fans. 

Horse powers taken from the curves should be multiplied by 
the following factors to offset the effect of resistance: 





♦Table XXIII. 
Horse Power Factors. 




Value of "B." 


H.P. factor. Value of *B." 


H.P. factor. 


0.60 
0.65 
0.70 
0.75 


0.70 
0.75 
0.80 
0.85 


0.80 
0.85 
0.90 


0.90 
0.95 
1.00 



* For use with curves in Figs. 80 and 81. 



Example. — A factory requires a 7-foot fan running at a speed 
of 260 r. p. m. to deliver the required volume of air based on a 
resistance factor "B" of 0.65. What power of engine or motor 
should be provided? Fig. 81 shows that a 7-foot fan requires 
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30 D. H. P. at this speed, which, corrected for the effect of 
resistance actually calls for 30X0.75 = 22.5 D. H. P. 

The effect of partially closing the discharge outlet from a fan, 
or its equivalent, increasing the resistance, is to reduce both the 
volume of air moved and the power required for maintaining a 
given speed. This holds good until the outlet is entirely closed, 
and the only power consumed is that used in churning the air 
within the fan-casing and overcoming the friction of the bear- 
ings. 

ISS, Action of Multivane Fans, — As fans of this type vary 
considerably in form and general proportion it is not possible to 
give working data which will apply to all makes with any degree 
of accuracy as in case of the paddle-wheel type. 

In a general way, the cubic space required by a multivane fan 
will be approximately one-half to two-thirds that required by 
the older type of the same capacity. Also, a multivane fan 
having the same outlet area as a paddle-wheel fan will deliver 
the same volume of air against a given resistance when running 
at about 65 per cent of the peripheral speed, and will require ap- 
proximately 80 per cent as much power. While fans of this 
type run more quietly at higher speeds they are actually operated 
in practice at lower peripheral velocities than the paddle-wheel 
fan, varying from 2,600 to 3,000 feet per minute in the case of 
schoolhouses and churches, to 3,600 or 4,000 feet in factory 
work. Under ordinary conditions, static pressures of 1, 1^, 
and 2 inches of water column may be assumed in schools, office 
buildings, and factories, respectively, when determining size, 
speed, and power of fan from manufacturers' tables. Also, the 
best results are obtained with corresponding outlet velocities of 
about 1,600, 1,800 and 2,000 feet per minute. 

In specifying fans with which the engineer is not familiar it 
is usually best to state the volume of air to be moved per minute, 
the static pressure against which the fan is to operate, and the 
limiting peripheral velocity, rather than to give the size and 
speed. The static pressure in any given case may be approxi- 
nately determined by means of Table XXX., Paragraph 148. 

ISi. Propeller Fans. — Tests show that when operated under 
the usual conditions of discharge ventilation, that is, connected 
with a system of ducts in which the velocity does not exceed 
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about 700 feet per minute, a propeller fan of good type will move 
the air a distance parallel to the shaft equal to approximately 0.7 
the diameter of the fan per revolution. Also the best results are 
obtained with a linear velocity through the fan of about 1,000 
feet per minute, which corresponds with the following revolu- 
tions per minute for fans of different size, as given in Table 
XXIV. 

Table XXIV. 

Action op profelles Fans. 

Diameter Approximate r.p.m. 

of fan, for linear vel. of 

feet. 1 .000 feet per min. 

2 700 
2H 576 

3 475 
3H 400 

4 350 

5 275 

6 225 

7 200 

8 175 

The above rule expressed as a lormula is F = 0.55D*/?, in 
which 

V = cubic feet of air moved per minute. 
D = diameter of fan, in feet. 

R = revolutions per minute. 

The power required for driving propeller fans under these 
conditions will vary from 0.15 to 0.2 D. H. P. per 1,000 cubic feet 
of air moved per minute. 

Example, — What volume of air will be discharged per minute 
by a 5-foot fan at 270 r. p. m., and what horse power will be re- 
quired to drive it? 

V = 0.55X5^X270 = 18,562 cubic feet per minute. 
H. P. for driving the fan = 18.5S2X0.2 = 3.7. 

Heaters for Fan Work. 

1S5. Forms Employed. — The radiating surface used in connec- 
tion with blower work may be either in the form of wrought- 
iron pipe or cast-iron sections designed especially for this pur- 
pose. 

In either case, standard forms are generally employed so that 
the work of the engineer relates rather to their arrangement than 
to details of design. 
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1S6. Effect of Depth and Air Velocity. — The capacity of a 
heater is affected by the depth, the amount of heating surface, 
the velocity of air flow between the pipes or sections, and the 
difference in temperature between the heating surface and the air. 
The final temperature increases with the depth, while the heat 
transmission per square foot of surface is reduced. 

Changes in velocity have the reverse effect; that is, increasing 
the rate of air flow reduces the final temperature, but increases 
the heat transmission or efficiency. Varying the temperature dif- 
ference between the heating surface and the air affects both the 
final temperature and the effioiency. 

137, Computing Size of Main Heaters, — The first step in com- 
puting the size of a heater is to determine the volume of air to be 
supplied and its initial and final temperatures. 

The standard formula for computing the heat necessary in 
work of this kind is 

^ — 55- 

in which 

// = B. T. U. required. 

V = cubic feet of air warmed. 

T = rise in temperature, in degrees F. 
While the factor 55 varies slightly for different temperatures, 
it may be used without correction for the range usually covered 
in all heating and ventilating work. The above formula may be 
transposed, as below, to meet other requirements. 

55H 



F = 



T 
55H 



Example. — ^What quantity of heat will be required to warm 
30,000 cubic feet of air per minute from zero to 70 degrees? 

30,000X70 
H = ' ,/^ = 38,182 B. T. U. per minute. 
55 

Example. — What volume of air will be required to transmit 
1,000,000 B. T. U. per hour to a building, by raising its tem- 
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perature 20 degrees above that of the normal inside temperature 
of the building? 

,, 55X1,000,000 ,. ^ 

F = — ' — = 2,750,000 cubic feet per hour. 

Example. — ^A room is to be supplied with 5,000 cubic feet of 
air per minute for ventilating purposes at a temperature of 70 
degrees. It is desired to bring in 100,000 B. T. U. per hour ad- 
ditional for warming purposes. At what temperature must the 
air be admitted to the room ? 
55X100,000 
^= 5,000X60 =18 degrees 

which added to the normal temperature of the room, calls for an 
admission temperature of 70-f-18 = 88 degrees. 

Example. — ^A shop building is to be supplied with 10,000 cubic 
feet of air per minute. An inside temperature of 60 degrees 
is to be maintained in zero weather, with an estimated heat loss 
by transmission and leakage of 800,000 B. T. U. per hour. At 
what temperature should the air be admitted and what will be 
the total heat quantity required per hour for both heating and 
ventilation ? 

^ 55X800,000 

^= 10,000X60 = ^^ ^^g^""^ 
which added to 60 degrees, the room temperature, makes a final 
temperature and total rise of 60+73 = 133 degrees. Therefore, 

H = 10>0»»X60X133 ^ ^^^^^^^^^ g ^ y ^^^^ 

55 
Example. — Suppose in the preceding case no outside air was 
taken in by the fan in zero weather, and the building was warmed 
by re-circulated air leaving the heater at a temperature of 140 
degrees and returning at 50 degrees. What quantity of heat 
would be required and what volume of air would it be necessary 
to pass through the fan and heater? 

In this case the conditions are the same as in direct heat- 
ing, and the required heat is simply that necessary to offset the 
losses due to transmission and leakage. 

In cooling 1 degree, a cubic foot of air gives off — B. T. U., 

55 
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and in cooling 140 — 50 = 90 degrees, it will give off 90 X — = 

55 

1.6 B. T. U. Therefore, 800,000-^-1.6 = 500,000 cubic feet of air 
per hour must be passed through the fan and heater under the 
assumed conditions, which represent those commonly employed 
in practice. 

138. Efficiency. — As previously stated, the efficiency of a heater 
depends upon its depth, the velocity of air flow, and the dif- 
ference in temperature between the heating surface and the en- 
tering air. There are various formulae for determining the effi- 
ciency under different conditions, among which the following 
gives conservative results corresponding well with practice: 

E = CD{T — t) 
in which 

E = efficiency of heater, in B. T. U. per square foot of 

surface per hour. 
C = factor, depending upon depth of heater, (Table 

XXV.). ' 
D = factor, depending upon air velocity through heater, 

(Table XXVL). 
T = temperature of steam or water in heater. 
t = temperature of entering air. 

Table XXV. includes heaters from 4 to 28 pipes in depth, 
which covers the usual range in heating and ventilating work. 



Table .XXV. 


Heater Factors 


FOR Depth. 


Depth of heater, 
rows of pipe. 


Factor "C." 


4 
8 
12 
16 
20 
24 
28 


2.50 
2.24 
2.03 
1.86 
1.72 
1.60 
1.50 



Table XXVI. includes factors for air velocities of 800, 1,000, 
1,200 and 1,500 feet per minute between the pipes. Velocities 
of 800 to 1,000 feet are commonly used in the case of schools and 
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Other public buildings, while 1,200 or more are often employed 
in factory work where deeper heaters are required. 

Table XXVI. 



Heater Factors for Velocity. 



Velocity of air 
through heater, 
feet per inin. 
800 

1.000 

1,200 

1.600 



Factor "D/ 

3.6 
4.1 
4.6 
6.0 



139. Final Temperature. — This varies with the depth of 
heater, initial temperature and velocity of the air, and tempera- 
ture of the heating surface. The following formula gives ap- 
proximate results and may be used in connection with the formula 
for efficiency, previously given, when designing pipe heaters. 

^ — * . 

in which 

F = final temperature of air passing through the heater. 
T = temperature of steam or water in heater. 
t = temperature of entering air. 

G = factor, depending upon the depth of heater and 
velocity of air, (Table XXVII. ). 

T+t 



(When t is below zero the.formula becomes F =- 



t.) 



Table XXVII. 



Heater Factors for Combined Depth and Velocity. 



Depth of 
heater. 


Factor *'G." 


800 feet 


1,000 feet 


1.200 feet 


1.600 feet 


rows of pipe. 


per min. 


per min. 


per mm. 


per mm. 


^ 


6.5 


7.3 


9.0 


11.0 


8 


3.1 


3.7 


4.0 


4.4 


12 


2.3 


2.6 


2.8 


3.0 


16 


1.8 


2.1 


2.2 


2.3 


20 


1.6 


1.8 


1.9 


2.0 


24 


1.5 


1.6 


1.7 


1.8 


28 


1.3 


1.4 


1.5 


1.6 
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When it is desired to find the depth of heater for a pven air 
velocity and final temperature, the formula may be written in 

T — i 
the form G = p ; then, having solved for G, its nearest value 

is found in Table XXVII. in the column corresponding to the 
assumed velocity, and the required depth of heater taken from 
column one. 

The use of the preceding formulae and tables may be illustrated 
by computing the size of heater in some of the examples pre- 
viously given. In the first of these it was found that 3-8,182 B. 
T. U. per minute were required to warm the air supply from zero 
to 70 degrees. Assuming a steam pressure of 2 pounds (220 
degrees) and a velocity of 800 feet per minute 
220—0 

C = -W=o-=^-^' 

which, from Table XXVII., is found to call for a heater 8 pipes 
deep. 

For the same conditions, with a heater of this depth (see Para- 
graph 138). 

£ = 2.24X3.6X (220 — 0) = 1,760 B. T. U. per square 
foot of surface per hour. 

The total heat to be supplied is 38,182X60 = 2,290,920 B. T. 
U. per hour, from which the radiating surface is found to be 
2,290,920 -T- 1,760 = 1,302 square feet. 

In a following example a shop building was to be supplied 
with a certain volume of air at a temperature of 133 degrees in 
zero weather, requiring 1,450,909 B. T. U. per hour for raising 
it to that temperature. 

Assiuning a steam pressure of 10 pounds (240 degrees) and a 

240 
velocity of 1,200 feet per minute, G=:r-— -=1.8. Looking in 

loo 

Table XXVII. for a velocity of 1,200 feet, a heater between 
20 and 24 pipes deep is called for. Using the latter, and solving 
for the efficiency, E = 1.60X4.5X240 = 1,728 B. T. U., from 
which 1,450,909 -r- 1,728 = 840 square feet of heating surface are 
required. 

In the same example it was shown that with re-circulated air. 
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warmed from 50 to 140 degrees, it would be necessary to supply 
800,000 B. T. U. per hour to offset the effects of transmission and 

240 — 50 

leakage. In this case, G = ^77^ ^7^= 2-l» which, from Table 

14U — Ov 

XXVII., calls for 16 rows of pipe with an air velocity of 1,000 

feet per minute. The efficiency under these conditions will be 

E = 1.86X4.1X(240 — 50) = 1,450 B. T. U., requiring a heater 

containing 800,000 -=- 1,450 = 552 square feet of surface. 

HO. Cast-Iron Heaters. — The efficiency of cast-iron heaters, 
designed for hot-blast work, is very nearly the same as for pipe 
heaters and may be taken as ranging from 90 to 100 per cent, ac- 
cording to form. 

In determining the depth, each 9-inch section will have prac- 
tically the same effect upon the final temperature as four rows 
of pipe. 

HI. Area Through Heater. — In making up a heater care 
should be taken to so proportion the free area as to maintain the 
velocity of air flow assumed in the computations, even if it is 
necessary to increase the radiating surface beyond that called 
for. In the case of standard pipe heaters, about 0.4 of the over- 
all or superficial area may be taken as free for the passage of 
air. The free area of cast-iron heaters is usually given in 
catalogues. 

H2. Supplementary Heaters. — When the warming is done by 
supplementary heaters placed at the bases of the flues, an ef- 
ficiency of about 3.3 B. T. U. per square foot of surface per hour 
per degree difference between the heater and the average tem- 
perature of the air will be obtained. This applies to velocities 
of about 650 feet per minute, and, for average conditions with 
low pressure steam, gives a working efficiency of about (220 — 
85)X3.3 = 446 B. T. U. per square foot of surface, or 450 B. 
T. U. in round numbers. 

US. Pipe Connections. — Main heaters should be divided into 
Six or eight separately valved sections in order to proportion the 
amount of surface in use to the requirements at different sea- 
sons of the year. Small heaters are sometimes divided into three 
sections with the surface in the ratio of 1, 2 and 3, which gives 
the effect of six sections of equal size by using the proper com- 
binations. 
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When an engine is used for driving the fan certain sections 
should be valved for either live or exhaust steam, allowing from 
30 to 40 square feet of condensing surface per horse power de- 
pending upon the type of engine employed. The exhaust portion 
of the heater should be divided into three sections, as considerably 
less surface is required in cold weather owing to its greater 
efficiency. 

The returns from the different sections should be sealed from 
one another either by siphon loops or small traps to prevent the 
backing of condensation into the outer sections, due to a slightly 
reduced pressure in this part of the heater. Standard pipe 
heaters made up of vertical sections are particularly liable to 
this action unless the returns are sealed. 

H4. Pipe Sij:es, — The steam supply to a main heater may be 
determined from Table XIII. by reducing the square feet of 
surface to its equivalent in direct, assuming the efficiency of the 
latter to be 250 B. T. U. For example, the ratio for a heater 
12 pipes deep, with an air velocity of 800 feet per minute is 
approximately 

1,500 
"250=^- 

For average conditions, with low pressure steam, and runs up 
to 100 feet in length, the sizes given in Table XXVIII. will 
usually be found ample. 

Table XXVIII. 
Pipe Sizes for Main Heaters. 



Square feet 
of surface 


Steam 


Return 


pipe. 


pipe. 


in heater. 


inches. 


inches. 


150 


2 


1 


250 


2H 


IK 


350 


3 


IH 


650 


3H 


l>^ 


700 


4 


2 


1.300 


5 


2 


2.100 


6 


2H 


3.000 


7 


2H 


4.500 


8 


3 



H5, Arrangement of Fan and Heater. — The best arrangement 
of fan and heater in any given case will depend upon the amount 
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and form of the available space and also upon the type of building 
and depth of heater. In general, the best results are obtained by 
drawing the air through the heater as in this case it is more evenly 
distributed over the entire radiating surface than when blown 
through at a high velocity. On the other hand, a greater volume 
of air must be handled by the fan for a given weight on account 
of the expansion due to heating. As the air quantity is usually 
based upon a given number of changes per hour or a certain 
amount per occupant, air volumes at normal inside temperatures 
are commonly used in all computations of this kind. 

A typical arrangement of pipe heater and full-housed fan is 
shown in Fig. 82. The heater is supported upon iron beams 




Fig. 82. Amngement of Fan and Pipe Heater. 

resting upon brick piers and is provided with a by-pass damper 
beneath it for accurate temperature regulation. 

A common lay-out for a horizontal cast-iron heater is illustrated 
in Fig. 83. In the case of shops and factories, where floor space 
is limited, the arrangement shown in Fig. 84 may be used. 

Air Distribution. 

H6, Methods Employed, — The general method of air dis- 
tribution in different types of buildings has already been de- 
scribed. 

In the present chapter working data relating to sizes of ducts 
and flues, the material employed, and details of construction will 
be considered. 
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i^7. Sise and Form. — The mains are commonly based upon an 
assumed velocity, depending upon the type of building, while the 
branches, in most cases, are so proportioned as to have a com- 
bined carrying capacity equivalent to the main with which they 
connect. For example, four 8-inch pipes are equal in area to 
one 16-inch pipe, but when the frictional resistance is considered, 
it will take four pipes slightly over 9 inches in diameter to carry 
the same volume of air with the same drop in pressure per unit 
of length. 

In the case of schools and similar buildings, where the air is 
delivered through the inlet registers at low velocities the duct 
and flue areas are proportioned upon a velocity basis through- 




Fig. 83. Amngement of Fan and Cait-Iron Heater. 

out the entire system, reducing it gradually from the fan outlet 
to the registers. In buildings of this type it is customary to 
start with a velocity of 1,000 to 1,200 feet per minute in the 
main duct, reducing to 800 or 900 feet in the branches and to 
600 or 700 feet in the vertical flues. 

Air should not be admitted to banking rooms, dining rooms, 
class rooms, etc., at a velocity exceeding about 300 feet pejr 
minute over the gross area of the register, unless a diffuser is 
provided, in which case it may be increased to 400 feet per 
minute. 

The vent flues in buildings of this kind may be made about 
1.5 the area of the corresponding supply flues when the outward 
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air flow is by gravity, and 0.8 when an exhaust fan is used, both 
of which allow for a certain amount of outward leakage around 
doors and windows. 

In office and municipal buildings, or wherever the flue area is 
restricted, higher velocities are employed, up to 1,400 or 1,500 
feet in the mains, 1,200 feet in the branches and 1,000 feet in the 
flues. In the case of large supply uptakes, like that shown 
in Fig. 4, a velocity of 1,200 to 1,500 feet per minute may be 
allowed if the fan is located near the base of the flue. 




Fig. 84. Pan and Heater Anangement where Floor Space is Limited. 

In factories and shops velocities of 2,000 to 3,000 feet per 
minute are made use of in the trunk lines, reducing this in the 
branches to 60 or 70 per cent of the above. Another method fre- 
quently used is to make the area of the main duct the same as 
the discharge outlet of the fan and proportion the branches by 
means of the factors given in Table XXIX. 

In this table, columns one and three give pipe dimensions, and 
columns two and four corresponding factors, the use of which 
is best explained by working a practical example. 
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Table XXIX. 
Factors ?os Equalization of Resistance in Atr Ducts. 



1J3 



Diameter of 




Diameter of 




round pipe or 




round pipe or 


Factor. 


side of square 


Factor. 


side of square 


pipe, inches. 




pipe, inches. 




6 


88 


22 


2,290 


7 


130 


24 


2.845 


8 


180 


26 


3.470 


9 


244 


28 


4,175 


10 


316 


30 


4.960 


12 


600 


36 


7,800 


14 


733 


42 


11.400 


16 


1.032 


48 


16.000 


18 


1,385 


54 


21.400 


20 


1300 


60 


28,000 



Example. — The discharge outlet of a fan has an area of 2,300 
square inches, and the main duct is to be divided into two 
branches, what should be the diameter of each? 

This area corresponds to a 64-inch, round pipe, and the factor 
for this from Table XXIX. is 21,400. Then 21,400 ^ 2 = 10,700, 
which corresponds most nearly to the factor for a 42-inch pipe ; 
hence, two 42-inch branches should be used. 

Supposing in the above case it was desired to deliver the air 
through thirty outlets of equal size, what should be their 
diameter? 

Proceeding as before, 21,400 -f- 30 = 713, which corresponds 
closely to the factor for a 14-inch pipe. 

When the pipes are proportioned in this manner the trunk 
lines are not usually reduced each time a branch is taken off, but 
at intervals including several branches according to their size. 

H8, Computing Frictional Resistance, — As the size and speed 
of fan for a given capacity are often based upon the static pres- 
sure in the distributing ducts it becomes necessary to compute 
the frictional resistance in some cases in order to design this 
part of the equipment. While this may be estimated in certain 
classes qf work, it is best with any unusual arrangement, es- 
pecially in large buildings, to determine the resistance more ac- 
curately. Table XXX. gives the static pressure or resistance 
for round pipes, 100 feet in length, for different velocities of 
air-flow. For other lengths, the resistance will vary in direct 
proportion; that is, for a pipe 200 feet long, the resistance will 
be twice as great, and so on. 
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For velocities not given in the table, values may be inter- 
polated with sufficient accuracy. 

Table XXX. 
Static Pressures. 





Static pressure in inches of water for pipes 


Diameter 


100 feet long, at different velocities. 


800 feet 


1.200 feet 


1.600 feet 


2,000 feet 




per min. 


per min. 


per min. 


per min. 


10 


0.12 


0.27 


0.46 


0.73 


12 


0.095 


0.22 


0.39 


0.60 


14 


0.085 


0.19 


0.33 


0.52 


16 


0.075 


0.17 


0.30 


0.46 


18 


0.065 


0.16 


0.25 


0.40 


20 


0.058 


0.13 


0.23 


0.36 


24 


0.049 


0.115 


0.19 


0.32 


28 


0.043 


0.095 


0.17 


0.26 


34 


0.035 


0.075 


0.14 


0.21 


40 


0.029 


0.065 


0.12 


0.18 


45 


0.026 


0.060 


0.11 


0.16 


fiO 


0.024 


0.066 


0.095 


0.15 


65 


0.022* 


0.051 


0.085 


0.14 


60 


0.020 


0.046 


0.076 


0.13 


65 


0.018 


0.041 


0.070 


0.12 


70 


0.017 


0.037 


0.065 


0.11 


75 


0.016 


0.034 


0.061 


0.09 


80 


0.015 


0.032 


0.058 


0.05 



When the duct is rectangular in section it may be reduced to 
a circular form, having the same fritcional area, by the formula 

„ _ ^XAXB . 

in which 

D = diameter of an equivalent round duct and A and 
B the sides of the given rectangular duot. 
The resistance offered by a 90-degree elbow will depend upon 
the radius of the inner curve or throat, and may be taken as fol- 
lows: 

Table XXXL 

Resistance of Elbows. 



Radius, in 

diameters 

of pipe. 

1^ 

2 



Length of straight 
pipe, in diameters, 
having the same 
resistance. 
67 
30 
16 
10 
6 
4.3 
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The resistances produced by standard pipe heaters of different 
depths are given in Table XXXII., and for "Vento" cast- 
iron heaters in Table XXXIII. 

Table XXXII. 
Resistance of Pipe Heaters. 



Air velocity 
infect 
per min- 
ute. 


Resistance in inclies of water column for heaters 
of different depths. 


4 
rows. 


8 
rows. 


12 
rows. 


16 
rows. 


20 
rows. 


24 
rows. 


800 
1.000 
1.200 


0.05 
0.08 
0.12 


0.09 
0.15 
0.21 


0.13 
0.21 
0.30 


0.18 
0.28 
0.40 


0.22 
0.35 
0.50 


0.26 
0.41 
0.50 



Table XXXIII. 
Resistance of "Vento" Heaters. 



Air velocity 
in feet 


Resistance in inches of water column for heaters 
of different depths. 


per min- 
ute. 


1 
stack. 


2 

stacks. 


3 

stacks. 


4 


5 

stacks. 


6 
stacks. 


800 
1.000 
1.200 


0.37 
0.59 
0.84 


0.70 

0.109 

0.157 


0.103 
0.160 
0.230 


0.135 
0.221 
0.303 


0.167 
0.262 
0.376 


0.200 
0.313 
0.449 



In determining the pressure to be overcome in any given sys- 
tem the resistance is computed for the longest duct including 
bends, and to this is added the resistance due to the heater. If 
an air washer is used or the inlet duct is of considerable length, 
the effect of this should also be included. 

When the main duct or trunk line is reduced at intervals it 
may be assumed that the smallest or extreme section of the duct 
is carried back to the fan independently, and the resistance com- 
puted on this basis. 

Example, — The last section of an air duct is 18x24 inches in 
size, the extreme length of run 350 feet, and the air velocity 
through duct and heater 1,000 feet per minute. There are four 
elbows with radii equal to one-half the diameter, and a pipe 
heater is employed, 16 rows in depth. 

What will be the total resistance against which the fan must 
operate? 
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4X18X24 
Diameter of equivalent round pipe = 2n84-24) ^ ^^'^* which 

may be taken as 20 inches in round numbers. The resistance 
for 100 feet of straight pipe of this size with 1,000 feet velocity = 
0.058+0.13 



2 



.= 0.094 inches of water, (Table XXX.) 



4X30X20* 
Effective length of run = 350+ ^ ^ =550 feet, 

(Table XXXI.) 

Resistance due to pipe = 0.094X5.5 = 0.517. 

Resistance due to heater = 0.280, (Table XXXII.) 

Total resistance = 0.517+0.280 = 0.797 inches of water col- 
umn. 

In some fan tables the pressure is expressed in ounces per 
square inch instead of inches of water. This change may be 
made by multiplying inches of water by 0.58, which, in the above 
case, gives a pressure of approximately 0.8X0.58 = 0.464 ounces 
per square inch. 

149. Dampers and Deflectors. — Although the air distribution 
is proportioned to a considerable extent by the sizes of the 
ducts, it is necessary to provide deflectors at the principal junc- 
tions and dampers in the smaller branches for equalizing the flow 
to the different outlets. Register faces should be furnished 
either with valves for closing or shut-off dampers in the flues, 
In the case of mill work the air flow is regulated by means of 
especially designed deflecting dampers (see Fig. 58), when brick 
flues are employed. 

With an overhead distribution, through metal ducts, each out- 
let should be equipped with an adjustable damper controlled by 
a pair of chains from the floor. 

150. Material — ^Underground airways are constructed of brick 
or concrete, smooth finished, with cement on the inside. When 
of any considerable length they should be lined with at least 2 
inches of insulating material such as pressed cork or other block 
insulation solidly attached to the walls of the duct and finished 
with cement. The smaller branches in underground work are 
often made up of glazed sewer pipe. Overhead ducts, and the 
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vertical flues in buildings of wooden or semi-fire-proof con- 
struction are commonly made of galvanized iron, the thickness 
of metal depending upon the dimensions of the duct. 

For ordinary work Table XXXIV. may be used, which gives 
the number according to the American gauge. 



Table XXXIV. 


Gauge of 


Iron 


FOR Ducts. 


Diameter of pipe or 


Gauge of 


ride of square 


I duct. 


iron. 


inches. 




(American). 


9 




28 


14 




26 


20 




25 


24 




24 


3d 




22 


48 




20 


60 




18 


Above 60 




16 



For rectangular ducts of unequal dimensions the longer side 
may be 25 per cent greater than the diameter in the table for a 
given gauge of metal. 

151, Registers and Grilles, — ^The material and design of the 
register or grille is usually determined by the architect, but the 
engineer should make sure that sufficient area is provided to 
limit the velocity and not impose too great a resistance upon 
the flow of air. 

The figures previously given for tne allowable velocity over the 
gross area of the register face are based upon a free area of 66 
per cent of the gross area. 

With registers of large size diffusing blades should be placed 
back of the grille work to equalize the flow of air over the en- 
tire surface, otherwise the velocity will be much greater at the top 
with the possibility of a reverse current through the lower part. 

Air Washers. 

152, Advantages, — ^The desirability of air "conditioning" has 
already been mentioned in connection with the ventilation of 
different types of buildings. The spray washer not only has the 
advantage of removing dust and other impurities from the air 
with a minimum amount of attention, but may also serve as a 
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.means of humidity control and produce a certain amount of 
cooling effect in hot weather. 

153, General Construction, — The standard type of washer con- 
sists essentially of a chamber provided with a sufficient number 
of spray heads for producing a suitable "water curtain," and 
an eliminator for removing any unevaporated moisture taken up 
by the air in passing through it. The general construction and 
arrangement of the spray heads or nozzles varies in different 
machines depending upon the form of spray desired. For the 
removal of dust only, a coarse spray resembling rain seems to 
give the best result, while for cooling purposes a fine mist is de- 
sirable on account of the greater evaporative effect. 

15Jt, Working Data. — ^The pressure required for producing the 
spray commonly runs from 10 to 30 pounds per square inch, de- 
pending upon the type of nozzle, and is furnished by a small 
centrifugal pump driven by a special motor. This arrange- 
ment is preferable to belting from the fan shaft, as it makes 
the pump independent under all conditions of operation, further- 
more, the required power being small, only about 0.1 D. H. P. per 
1,000 cubic feet of air per minute, the difference in efficiency is 
negligible. 

For the best results, the air velocity through the washer should 
be low, and commonly runs from about 300 feet per minute in 
the smaller sizes up to 400 or 450 feet in the larger ones. 

The space required for a standard equipment of this kind, per 
1,000 cubic feet of air per minute capacity, is about 20 cubic feet, 
covering approximately 2 square feet of floor space. The 
general arrangement of an air washer, in relation to the fan and 
heaters, is shown in Fig. 84. The tempering coil or primary 
heater is placed between the inlet and washer and should be large 
enough to raise the temperature of the entering air above the 
freezing point in the most extreme weather. 

155, Effect of Evaporation, — As the effect of passing air 
through a washer is to lower its temperature, due to evaporation, 
the secondary or re-heater should be of sufficient size to offset a 
drop of about 10 degrees, in addition to its normal capacity. 

In other words, when a washer is used, add 10 degrees to the 
required rise in temperature when computing the size of heater. 



Digitized by 



Google 



HOT-BLAST HEATING AND VENTILATION 139 

Humidity. 

156. Necessity of Control. — ^A working knowledge of the prin- 
ciples of humidity is necessary in the design of ventilating sys- 
tems both for institutions and industrial plants. 

In the former, lack of sufficient moisture produces irritation of 
the respiratory passages and makes it necessary to carry higher 
room temperatures in order to offset the cooling effect of in- 
creased evaporation from the body ; while on the other hand, too 
much moisture is oppressive and produces a feeling of enerva- 
tion. In the manufacture of textiles, and in other industrial 
processes, humidity control is an important factor and must be 
provided for. Data relating to evaporation and saturation are 
also necessary in determining air volumes and temperatures in 
the ventilation of paper mills, dye houses, etc., where large 
quantities of vapor are to be removed. 

While the amount of moisture contained in a given space is in- 
dependent of the presence of air, and depends entirely upon the 
temperature, it is more convenient in ventilating work to con- 
sider the moisture as contained in the air itself rather ttian 
in the space which it occupies. 

157. Dew-Point, or Temperature of Saturation. — The maxi- 
mum weight of moisture which a cubic foot of air will hold 
varies with the temperature, and the temperature of saturation 
for a given weight is called the dew-point, because any reduc- 
tion in temperature below this will produce a certain amount 
of condensation which appears in the form of dew upon sur- 
rounding objects. 

158. Absolute Humidity is the actual weight of moisture 
present and is usually expressed in grains per cubic foot. 

159. Relative Humidity, at any given temperature, is the ratio 
of the weight of contained moisture to that which the air is 
capable of holding when fully saturated. For example, a cubic 
foot of saturated air at a temperature of 30 degrees contains 
1.9 grains of moisture, while at 70 degrees it will hold 8 grains. 
Saturated air at the lower temperature has a relative humidity of 

19 

-^=1, that is, it is the same as the absolute humidity. Now 

if the air be heated to 70 degrees without adding moisture, the 



Digitized by 



Google 



140 



COMBINED POWER AND HEATING PLANTS 



absolute humidity remains the same while the relative humidity 

falls to ^= 0.238 or 23.8 per cent. This shows why the air 

in well ventilated buildings is so dry in winter time, even when 
the outside air has a high percentage of moisture, and illustrates 
the need of humidity control. 

160. Measurement of Humidity. — ^Air is tested for humidity by 
means of wet and dry-bulb thermometers and the results read 
from a Hygrometric Chart, (see Fig. 85). 

The dry-bulb thermometer indicates the normal temperature of 
the air, while the other, the bulb of which is kept constantly wet 



Itg g $ 
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Fig. 86. Hycrometric Chart 
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by means of a piece of wicking or other device, indicates a lower 
temperature due to the evaporation which takes place from its 
surface. It is evident that the lower the humidity the more rapid 
the evaporation from the wet bulb and the greater the difference 
in the readings of the two thermometers. 

The chart given in Fig. 85 may be read with sufficient accuracy 
for ordinary work but for more careful results government tables 
should be used. 
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Example, — ^The wet and dry-bulb readings in a given room are 
58 and 70 degrees, respectively, what are the relative and absolute 
humidities ? 

Follow up the vertical line for a dry-bulb temperature of 70 
degrees until it intersects the oblique line for a wet-bulb tem- 
perature of 58 degrees. This in the present case falls on the 
curve for 60 per cent relative humidity or saturation. Following 
from the point of intersection to the left the absolute humidity 
is found to be 4 grains of moisture per cubic foot. When the 
point of intersection falls between the curves of saturation the 
distance must be estimated when making the readings. 

The normal humidity of the outside air in the northeastern 
portion of the United States commonly ranges from 40 to 80 per 
cent. While the standard for occupied rooms varies from 60 to 
70 per cent, this is likely to cause the moisture to gather upon the 
outside walls and windows in cold weather, hence, in practice, it 
is not best to exceed about 50 or 55 per cent on this account. 

In the case of industrial plants the humidity must be governed 
by the character of the work. 

161. Humidity Control. — Moisture may be imparted to the air 
in different ways ; the more common being by means of an air 
washer, the use of submerged steam coils in evaporating pans 
located in the main airway, and the blowing of steam or a fine 
mist directly into the air currents as they pass to the building, 
or into the rooms themselves in special cases. When a washer 
is employed for filtering purposes it forms the simplest and 
most flexible method of controlling the humidity, as it is only 
necessary to maintain a certain relation between the temperature 
of the air leaving the washer and that of the spray water to secure 
any degree of humidity desired. In practice a constant air tem- 
perature is obtained by means of a duct thermostat attached to the 
tempering coil, while the spray water is controlled by a hot- 
water regulator which admits steam either to submerged coils or 
directly to the water through suitable mixing devices. This ap- 
plies, however, only during the heating season when the entering 
air must be raised in temperature. In the summer, when the 
washer is operated for filtering purposes and the air is admitted 
at the outside temperature, too much moisture will often be ab- 
sorbed unless means are taken to prevent it. 
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One method employed in this case is to simply flood the elimi- 
nator blades without using a spray, while another makes use of 
a solution of calcium chloride, 28-degree Baume, in place of clear 
water which will thoroughly wash the air without either giving 
out or absorbing moisture. In certain branches of industrial 
work it is necessary to extract moisture from the air, or dehu- 
midify it. Where maximum summer temperatures of about 90 
degrees are permissible, sufficiently dry air may be obtained by 
using a solution of calcium chloride, 40-degree Baume. A sim- 
pler method of reducing the humidity when city or well water at 
a temperature of 50 to 55 degrees is available, is to first cool the 
air, thus condensing a portion of the moisture, and then re-heat 
it, which reduces the relative humidity, as already described. For 
example, saturated air at 60 degrees when heated to 85 degrees 
has a relative humidity of about 45 per cent. 

When for any reason air washers are not feasible, evaporating 
pans with steam coils, or direct sprays, may be employed, the 
amount of moisture being controlled automatically by means of 
humidostats placed in the room or in the air duct beyond the fan. 
While moisture may easily be introduced by means of steam jets, 
this method has the objection of increasing the temperature of 
the air, when heat is not required, and also of giving out an un- 
pleasant odor unless special means are taken to prevent it. 

Air conditioning forms a separate branch of engineering and 
important systems for this purpose should be designed by those 
having made a special study of the subject. 

162, Removal of Vapor by Evaporation, — In the ventilation of 
paper mills and dye houses it is customary to pass large volumes 
of air through the rooms, which take up the moisture by evapora- 
tion and discharge it outboard. The carrying capacity of air used 
in this manner depends upon the initial and final temperatures 
and the outside humidity. 

For example, a cubic foot of air at a temperature of 30 degrees, 
and 60 per cent relative humidity, contains 1.2 grains of moisture, 
(see Fig. 85). If this air be heated to 70 degrees, before deliver- 
ing to a given room and then be discharged at the same tempera- 
ture with a relative huniiddty of 80 per cent, each cubic foot will 
carry out 6.4 — 1.2 = 5.2 grains of moisture. As there are 7,000 
grains in a pound, 7,000-r-5.2 = 1,346 cubic feet of air must be 
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passed through the rown for each pound of moisture removed 
under the above conditions. 

In the case of paper machine rooms the air is discharged at a 
temperature approximating 100 degrees, with a relative humidity 
somewhat below saturation, say 90 per cent. With this data at 
hand the volume of air to be supplied for different outside con- 
ditions is easily computed. As the chart does not include the 
absolute humidity for higher temperatures and percentages of 
saturation, Table XXXV. is given for convenience. These re- 
sults are taken from another chart but correspond closely with 
similar conditions in Fig. 85. 

Table XXXV. 
Weight op Moisture for Ditferent Degrees of Saturation. 



Normal or 
dry-bulb 


Grainii of moisture per cubic foot for 




70%. 


80%. 


90%. 


100%. 


85 
90 
95 
100 


9.0 
10.3 
11.9 
13.5 


10.2 
11.7 
13.5 
16.6 


11.4 
13.3 
15.5 
17.7 


12.7 
14.6 
17.0 
21.0 



Air-Cooling. 

163. How Accomplished. — This is accomplished on a large scale 
in connection with the ventilation of hospitals, banking rooms, etc., 
in two ways : first, by means of a spray washer, and second, by 
mechanical refrigeration. 

164. Cooling by Spray Washers. — ^This is the simplest and least 
expensive method, the cooling effect being due either to evapora- 
tion, or to direct contact with the water, depending upon the 
relative temperatures of the entering air and water and the 
amount of moisture in the former. 

When the spray water is re-circulated, cooling is due entirely 
to evaporation, and at all other times when its temperature is at 
or above the dew-point temperature of the entering air. The 
difficulty experienced under these conditions is the increase in 
humidity necessary to secure an appreciable cooling effect. With 
re-circulated spray water the relative humidity of the air leaving 
the washer will average about 85 per cent, which, at room tem- 
peratures of 75 to 80 degrees, will prove oppressive. If sufficient 
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water is available from city mains or artesian wells to cool the 
spray to 3 degrees or more below the dew-point of the entering 
air, no evaporation will take place and cooling will be effected by 
direct transmission of heat from the air to the water. When 
this temperature difference exceeds 3 degrees, moisture contained 
in the entering air will be condensed, thus lowering the humidity 
in proportion to the difference in temperature and the volume of 
water passed through the washer. 

The following tables, made up from charts published by the 
Warren Webster Company, show the approximate cooling ef- 
fect which may be obtained under different conditions with 
their standard type of washer. 

Table XXXVI. is for re-circulated water, and Table XXXVII. 
for deep well or city water at a temperature of 55 degrees, and 
both give the cooling effect for different temperatures and rela- 
tive humidities of the entering air. In all cases of air cooling 
the matter of humidity should be taken into consideration when 
estimating the probable results. 

Dew-point temperatures for use with these tables may be 
obtained from the chart in Fig. 85 for any given set of condi- 
tions as they correspond to the dry-bulb temperatures at 100 per 
cent saturation. 

Example, — The wet and dry-bulb readings in a given case 
are 70 and 85 degrees respectively, what is the dew-point? 

Follow down the oblique line toward the right for a wet-bulb 
temperature of 70 degrees until it intersects the vertical line 
for 85 degrees dry-bulb temperature; then horizontally toward 
the left to the curve for 100 per cent saturation, then vertically 
downward to the dry-bulb scale, where the reading is found to 
be 61 degrees. 

Table XXXVI. 
Cooling Effect with Spray Water Re -Circulated. 



Relative 
humidity of 


Temperature of entering air. 


entering air, 
per cent. 


80 degrees. 




100 degrees. 


30 
40 
50 
60 
70 


11.2 
9.0 
7.6 
6.0 
4.6 


12.4 

10.0 

8.2 

6.4 

4.7 


13.6 

11.0 

8.6 

6.6 

4.8 
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Table XXXVII. 
CoouNG Effect with Sfray Water at a Temferatuke op 65 Degrees. 



RelaUve 
humidity of 


Temperature of entering air. 


entering air, 
per cent. 


80 degrees. 


90 degrees. 


100 degrees. 


30 
40 
50 
60 
70 


14.0 
13.0 
12.5 
12.0 
11.5 


19.0 
18.2 
17.3 
16.0 
15.5 


24.5 
23.5 
22.0 
20.0 
19.3 



The above tables give the extremes, and between these, vari- 
ous results may be obtained, depending upon the quantity of cold 
spray water used and the minimum temperature maintained. 

165, Cooling by Refrigeration. — ^When an ample supply of cold 
water is not available, so that the spray water must be re-cir- 
culated, it is impossible to reduce the air temperature an ap- 
preciable amount when the outside humidity is high without pro- 
ducing such a degree of saturation as to make the air very op- 
pressive, and perhaps cause a deposit of moisture upon the walls 
and windows. 

In cases of this kind it is customary to employ mechanical 
refrigeration, circulating the brine through coils over which the 
air is passed in the same manner as for heating. By this method 
the air is not only cooled, but the humidity may also be reduced 
as well. 

Table XXXVIII. gives the tons of refrigerating capacity re- 
quired per 1,000 cubic feet of air per minute for both cooling 
the air and condensing the vapor for different outside tempera- 
tures and humidities, with a constant inside temperature of 75 
degrees and a relative humidity of 60 per cent. 

For example, it will require a refrigerating plant of (2.1+3.7) 
XIO = 58 tons of ice melting capacity per 24 hours to cool and 
dehumidify 10,000 cubic feet of air per minute from a tempera- 
ture of 85 degrees and 80 per cent humidity to the conditions 
stated above. In practice this should be increased about 2.5 per 
cent to cover the cooling of the vapor. 

Sometimes a specially designed air-washer operated in con- 
nection with a refrigerating apparatus proves more economical 
than when the latter is used alone. 
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Table XXXVIII. 
Inside Temperature 75 Degrees, Relative Humidity 60 Per Cent. 





Tons of refrigerating capacity per 1,000 cubic feet of air per minute for 
different temperatures of entering air. 


Relative 
humidity of 
entering air. 

percent* 




85 degrees. 


00 degrees. 


06 degrees. 


For 
cool- 
ing 
air. 


For 
con- 
densing 
vapor. 


For 

cool- 

ing 

air. 


For 
con- 
densing 
vapor. 


For 
cool- 

ing 
air. 


For 
con- 
densing 
vapor. 


For 
cool- 
ing 
air. 


For 
con- 
densing 
vapor. 


60 
70 
80 
00 


1.7 
1.7 
1.7 
1.7 


1.0 
1.7 
2.7 
3.4 


2.1 
2.1 
2.1 
2.1 


1.7 
2.8 
8.7 
4.7 


2.6 
2.6 
2.5 
2.5 


2.8 
4.2 
6.2 
6.3 


2.0 
2.0 
2.0 
2.0 


4.2 
6.6 
7.0 
8.4 



166, Computing Cooling Requirements. — ^The general method 
of determining the volume of air and drop in temperature for 
maintaining a given difference between the inside and outside 
temperatures is practically the same as in heating, except the 
processes are reversed. 

The sources of heat supply in this case are transmission from 
the outside through walls and windows, supplemented in vary- 
ing degrees by the occupants, the lights, the operation of ma- 
chinery, and industrial processes of various kinds. 

Heat through transmission may be computed by the methods 
already given in Chapter II. In audience halls, and other rooms 
containing a considerable number of people, the animal heat 
given off must be taken into account, allowing about 400 B. T. 
U. per hour per occupant. Other sources of heat, such as 
lights, etc., should be estimated in each case according to con- 
ditions. Having determined the total amount of heat to be ab- 
sorbed under maximum requirements, a sufficient volume of air 
must be provided to care for this by a rise in temperature with- 
in the range of the apparatus to be used. 

Example. — ^The total heat to be absorbed per hour in main- 
taining a given temperature difference between the inside and 
outside of a building is 200,000 B. T. U. per hour. What air 
volume will be required with a temperature range of 10 degrees? 

55// 
Using the formula V= -— (see Paragraph 137) 



we have V = 



55X200,000 



10 



= 1,100,000 cubic feet per hour or 
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1,100,000 -T- 60 = 18,300 cubic feet per minute in round numbers. 
If mechanical refrigeration is to be employed the capacity of 
the machine may be obtained from Table XXXVI 11. for the 
actual conditions of the problem, taking into account the power 
required for condensing the vapor as well as cooling the air. 

The best relation to employ between temperature range and 
volume will depend upon the method of cooling and other local 
conditions. In any case the temperature of the entering air 
should not be so low as to cause uncomfortable drafts. In 
computing the temperature, a rise of 2 to 4 degrees between the 
fan and inlet registers should be allowed for. 
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CHAPTER IV. 
CENTRAL PLANTS- 

The following chapter includes only plants of small size, like 
those installed in connection with public institutions and small 
groups of buildings. Plants of this kind do not differ essentially 
from those in isolated buildings, except in the transmission of 
steam or hot water through underground mains, and what follows 
relates chiefly to this part of the equipment. 

167. Advantages. — The principal advantages to be derived 
by the generation of power and heat for a group of buildings 
in a single plant are as follows : Saving in cost, both of equip- 
ment and of operation; convenience, due to the grouping of 
the apparatus at one point; and greater cleanliness, because 
the handling of coal and ashes is eliminated from the different 
buildings. 

The economy of operating power and heating plants in com- 
bination is the same here as in a single building, and data given 
in the following chapters relating to the subject apply equally well 
to this class of work. 

Systems of Heat Transmission. 

168. Steam and Hot Water Compared. — Both steam and 
forced hot water are used in central heating, the advantages and 
disadvantages of each being much the same as already described 
in previous chapters. So far as the utilization of exhaust steam 
is concerned the results are practically identical whether it is con- 
densed in the radiators or in a special heater located in the power 
house. While each system has certain features which may com- 
mend it more strongly in one location than another, it may be 
said in general, that either is adapted to the average group of 
buildings. 

The relative elevation of the buildings to be heated with regard 
to the power house is sometimes a governing factor in the selec- 
tion of a system. If certain buildings are too high the static 
pressure upon the apparatus will exceed the working limit and 

148 
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the equipment must be divided into units, as in very tall build- 
ings, or steam must be employed. In other oases, where one 
or more buildings are below the power house, difficulty in re- 
turning the condensation may turn the scale in favor of hot 
water. 

While steam is capable of providing more general service 
in the way of cooking, heating water for laundry purposes, 
etc., it is often necessary, where the exhaust is employed for 
heating, to carry a separate high-pressure line for sterilizing, the 
operation of mangles, etc. ; hence this advantage does not hold in 
the case of hospitals, or other institutions where service of this 
kind is required. The cost of laying the mains is somewhat less 
for steam than for hot water unless the elevations are such that 
extensive excavations are necessary for grading the pipes in 
order to secure the proper drainage. In hot-water heating the 
mains may follow the general contour of the surface at a suit- 
able depth without reference to grades. 

Radiation losses are greater in the case of steam, owing 
partly to the higher temperature carried, but more especially 
because the temperature is practically constant during the entire 
heating season. 

Pipe Connections. 

169, Steam Systems, — When exhaust or low-pressure steam is 
used the general method of running the mains and connecting 
them with the risers is the same as in isolated buildings. The 
power house, if possible, should be placed at a lower level than the 
other buildings in order that the condensation may flow back to 
the receiving tank by gravity. Return-line vacuum systems are 
particularly adapted to this class of work, especially when the 
units of the group are at practically the same level. If one or 
more of the buildings are necessarily located at a level below 
that of the power house the condensation must be returned to 
the main receiving tank by means of a special pump, either 
steam or electrically driven, according to circumstances. When 
high or medium pressure steam is available, a return trap works 
well under these conditions. 
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In case there is no surplus exhaust for heating purposes steam 
may be distributed to the different buildings at a pressure of 20 
to 30 pounds, and reduced in each to the point required for heat- 
ing. This arrangement furnishes steam for sterilizing and similar 
purposes, without running a separate line and also reduces the 
size of the supply main. In this case each building is provided 
with its own trap which discharges into a main return lead- 




^-^->— ^"'^"-'' ^"--^ 



Fig. 86. Connectioiis with Steun and Return Mains for 
Cential Heatinc. 

ing to a vented receiver in the boiler house. If the building is 
lower than the receiving tank, a return trap should be used, con- 
nected with the steam main outside the reducing valve, otherwise 
an ordinary steam trap will answer all purposes. 

Piping arrangements for a system of this kind are shown in 
diagram in Fig. 86. 

170, Hot-Water Systems. — ^The mains for hot-water distribu- 
tion are usually run as shown in Fig. 87, while the connections 
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inside the buildings may follow any of the general methods 
already described. Although the circuit or loop system is 
adapted to single buildings, and in some cases to very small 
groups, the cooling effect is too great for general use in work of 
this kind. The rate of flow to the different buildings may be 
equalized by throttling the return branches, either by lock shield 
valves or by inserting disks with holes of suitable size. 

Pipe Sices. 

171. Steam Sy sterns. — The distributing mains used in central 
heating should be proportioned according to their length, the 
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weight of steam to be carried, and the drop in pressure, rather 
than upon the amount of radiating surface to be supplied. There 
are several methods employed for this purpose among which the 
following, based upon D'Arcy's formula, has been used with 
satisfactory results. This is in such form that it may be em- 
ployed in any case involving the flow of steam^ whether for 
power, heating, or industrial purposes. 
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The formula written in various ways is given below 



= c^- 



wl 



I 



5 \__IVH__ 
Q'wl 



in which 

Q = cubic feet of steam per minute. 
JV = weight of steam per minute. 
w = weight of a cubic foot of steam, at pressure p. 
p = pressure of steam at inlet to pipe, called initial 
pressure. 
p^ = pressure of steam at outlet of pipe, called the ter- 
minal pressure. 
d = diameter of pipe, in inches. 
/ = length of pipe, in feet, 
r = a constant, depending upon the diameter of pipe. 

Table XXXIX. 
Constants for Formula por Flow of Steam. 



Diameter 




Diameter 




of pipe. 


Value of e. 


of pipe, 


Value of e. 


inches. 




inches. 




1 


46.3 


5 


58.4 


i^ 


48.2 


6 


59.5 


50.3 


7 


60.1 


2 


52.7 


8 


60.7 


2H 


64.3 


9 


61.2 


3 


66.1 


10 


61.8 


SH 


57.1 


12 


62.1 


4 


57.8 


15 


62.6 



Table XXXIX. gives values of c for different diameters of 
pipe, and Table XL. the fifth powers of the corresponding pipe 
sizes. As the computations are somewhat complex, tables of re- 
sults are given with full directions for their use. These may be 
employed for all ordinary conditions and the formulae resorted 
to in special cases not covered by the tables. 
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Table XLI. gives the flow of steam in pounds per minute 
for pipes of different diameters, and with varying drops in 
pressure between the supply and discharge ends. These quan- 
tities are for pipes 100 feet in length; for other lengths the re- 
sults must be corrected by the factors given in Table XLIII. 
As the length increases, the friction becomes greater and the 
quantity of steam discharged in a given time is diminished. 

Table XLI. is computed on the assumption that the drop in 
pressure between the two ends of the pipe equals the initial pres- 
sure. If the drop is less than the initial pressure the actual 
discharge will be slightly greater than the quantities given in the 

Table XL. 
Fifth Powers of Pipe Sizes por Use in Formula. 



Diameter 




Diameter 
of pipe, 




of pipe. 


5th power. 


5th power. 


inches. 




inches. 




1 


1.00 


5 


31.25 


1^ 


3.05 


6 


77.76 


7.69 


7 


168.07 


2 


32.00 


8 


327.68 


2H 


97.60 


9 


590.49 


3 


243.00 


10 


1000.00 


3H 


522.90 


12 


2488.32 


4 


1024.00 


15 


10485.76 



Table XLI. 

Flow op Steam in Pounds per Minute for Pipes ioo Feet Long op Dif- 
ferent Diameters and with Different Drops in Pressure. 



Diameter 
of pipe, 
inches. 


Drop in pressure, pounds. 


H 


H 


H 


1 


IH 


2 


3 


4 


5 


1 


0.44 


0.63 


0.78 


0.91 


1.13 


1.31 


1.66 


1.97 


2.26 


\^ 


0.81 


1.16 


1.43 


1.66 


2.05 


2.39 


3.02 


3.69 


4.12 


1.06 


1.89 


2.34 


2.71 


3.36 


3.92 


4.94 


5.88 


6.75 


2 


2.93 


4.17 


5.16 


5.99 


7.43 


8.65 


10.9 


13.0 


14.9 


2>4 


5.29 


7.52 


9.32 


10.8 


13.4 


15.6 


19.7 


23.4 


26.9 


3 


8.61 


12.3 


15.2 


17.6 


21.8 


25.4 


32.0 


31.8 


43.7 


3H 


12.9 


18.3 


22.6 


26.3 


32.5 


37.9 


47.8 


56.9 


66.3 


4 


18.1 


25.7 


31.8 


36.9 


45.8 


53.3 


67.2 


80.1 


91.9 


5 


32.2 


45.7 


56.6 


65.7 


81.3 


94.7 


120 


142 


163 


6 


61.7 


73.3 


90.9 


106 


131 


152 


192 


229 


262 


7 


76.7 


109 


135 


157 


194 


226 


285 


339 


390 


8 


108 


164 


190 


222 


274 


319 


402 


478 


649 


9 


147 


209 


258 


299 


371 


432 


545 


649 


745 


10 


192 


273 


339 


393 


487 


567 


715 


862 


977 


12 


305 


434 


537 


623 


771 


899 


1130 


1350 


1650 


15 


535 


761 


942 


1090 


1350 


1680 


1990 


2370 


2720 



table, but this difference will be small for pressures up to 10 
pounds, and can be neglected as it is on the side of safety. For 
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higher initial pressures, Table XLII. has been prepared. This 
is to be used in connection with Table XLL, as follows : First, 
find from Table XLL the quantity of steam which will be dis- 
charged through the given diameter of pipe with the assumed 
drop in pressure; then look in Table XLIL for the factor cor- 
responding to the assumed drop and the higher initial pressure 
to be used. The quantity given in Table XLL multiplied by this 
factor will give the actual capacity of the pipe under the given 
conditions. 

Example. — What weight of steam will be discharged through 
a 3-inch pipe, 100 feet long, with an initial pressure of 60 
pounds and a drop of 2 pounds. 

Table XLIL 

Values Corbesfonding to Highes Initial Pbessuxes to be Used in 
Connection with Table XLI. 



Drop in 


Initial pressure, pounds. 


















pounds. 


10 


20 


30 


40 


60 


80 


100 


^ 


1.27 


1.49 


1.68 


1.84 


2.13 


2.38 


2.60 


1.26 


1.48 


1.66 


1.83 


2.11 


2.36 


2.58 


1 


1.24 


1.46 


1.64 


1.80 


2.08 


2.32 


2.53 


2 


1.21 


1.41 


1.69 


1.76 


2.02 


2.26 


2.47 


3 


1.17 


1.37 


1.55 


1.70 


1.97 


2.20 


2.40 


4 


1.14 


1.34 


1.51 


1.66 


1.92 


2.14 


2.33 


5 


1.12 


1.31 


1.47 


1.62 


1.87 


2.09 


2.18 



looking in Table XLL we find that a 3-inch pipe will discharge 
25.4 pounds of steam per minute with a 2-pound drop. Then 
looking in Table XLIL we find the factor corresponding to 60 
pounds initial pressure and a drop of 2 pounds to be 2.02. Then 
according to the rule given, 25.4X2.02 = 51.3 pounds, the ca- 
pacity of a 3-inch pipe under the assumed conditions. 

Sometimes the problem will be presented in the following way : 
What size of pipe will be required to deliver 80 pounds of steam 
a distance of 100 feet with an initial pressure of 40 pounds and a 
drop of 3 pounds? 

We have seen that the higher the initial pressure with a given 
drop, the greater will be the quantity of steam discharged ; there- 
fore a smaller pipe will be required to deliver 80 pounds of steam 
at 40 pounds than at 3 pounds initial pressure. From Table 
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XLII. we find that a given pipe will discharge 1.7 times as much 
steam per minute with a pressure of 40 pounds and a drop of 
3 pounds, as it will with a pressure of 3 pounds dropping to 
zero. From this it is evident that if we divide 80 by 1.7 and look 
in Table XLI. under "3-pound drop" for the resuk thus obtained, 
the size of pipe corresponding will be that required. 

80-T-1.7 = 47. 

The nearest number in the table marked "3-pound drop" is 47.8 
which corresponds to a 3i/^-inch pipe and is the size required. 

Table XLIII. 

Factors for Pipe Lengths Other than 100 Feet to Use with 
Table XLI. 



Feet. 


Factor. 


Feet. 


Factor. 


Fe«t. 


Factor. 


Feet. 


Factor. 


10 


3.16 


120 


0.91 


275 


0.60 


600 


0.40 


20 


2.24 


130 


0.87 


300 


0.57 


650 


0.39 


30 


1.82 


140 


0.84 


325 


0.66 


700 


0.37 


40 


1.68 


150 


0.81 


360 


0.63 


750 


0.36 


50 


1.41 


160 


0.79 


375 


0.51 


800 


0.35 


60 


1.20 


170 


0.76 


400 


0.60 


850 


0.34 


70 


1.20 


180 


0.74 


426 


0.48 


900 


0.33 


80 


1.12 


190 


0.72 


450 


0.47 


950 


0.32 


90 


1.06 


200 


0.70 


475 


0.46 


1000 


0.31 


100 


1.00 


225 


0.66 


500 


0.46 






110 


0.95 


250 


0.63 


650 


0.42 







For lengths of pipe other than 100 feet, multiply the quantities 
given in Table XLI. by the factors found in Table XLIII. 

Example, — What weight of steam will be discharged per 
minute through a 3i^-inch pipe, 450 feet long, with a pressure of 
5 pounds and a drop of ^^ pound? 

Table XLI., which may be used for all pressures below 10 
pounds, gives for a 3V^-inch pipe, 100 feet long, a capacity of 
18.3 pounds for the above conditions. Looking in Table XLIII. 
we find the correction factor for 450 feet to be 0.47. Then 18.3 
X0.47 = 8.6 pounds, the quantity of steam which will be dis- 
charged if the pipe is 450 feet long. 

Examples involving the use of Tables XLI., XLII. and XLIII. 
in combination are quite common in practice. The following 
shows the method of calculation : 
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Example. — What size of pipe will be required to deliver 90 
pounds of steam per minute a distance of 800 feet with an 
initial pressure of 80 pounds and a drop of 5 pounds? 

Table XLIII. gives the factor for 800 feet as 0.35 and Table 
XLII. that for 80 pounds pressure and 5 pounds drop as 2.09. 
Then 

_ii— 123 
0.35X2.09"^ 

which is the equivalent quantity we must look for in Table 
XLI. We find that a 4-inch pipe will discharge 91.9 pounds 
and a 5-inch pipe 163 pounds. As 4%-inch is not commonly car- 
ried in stock we should probably use a 5-inch pipe in this case, 
unless it was decided to use a 4-inch and allow a slightly greater 
drop in pressure. In ordinary heating work with pressures 
varying from 2 to 5 pounds, a drop of l^ pound in 100 feet has 
been found to give satisfactory results. With exhaust heat- 
ing in the case of central plants, a less drop per unit of length 
is usually employed, depending upon the distance of the various 
buildings from the boiler house. 

172, Hot-Water Systems. — ^The sizes of mains for forced hot- 
water heating may be determined as already described for isolated 
buildings, although somewhat lower velocities are employed when 
the distances are of considerable length. In general, the velocity 
should range from 420 to 480 feet per minute in the trunk lines 
and from 240 to 300 feet in the branches to the separate build- 
ings, depending upon the size of pipe. 

Anchors and Expansion Joints. 

173. Methods of Taking Up Expansion. — In laying out a 
system of distributing mains the matter of expansion and con- 
traction must be provided for, both in the case of steam and hot 
water. 

This may be done in two ways ; first, by the use of 90-degree 
offsets where the movement is taken up by swivel joints or by the 
spring of the pipe in the smaller sizes; and second, by means of 
expansion joints designed especially for this purpose. The fre- 
quent use of offsets not only adds to the cost of construction, but 
also increases the frictional resistance, especially in the case of 
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hot water, hence, it is usually necessary to supplement this 
method by the use of expansion joints, commonly of the slip 
or diaphragm types. 

The arrangement of the buildings is usually such that most 
of the expansion may be cared for without the introduction of 
additional offsets as indicated in Fig. 87. 

174. Expansion Joints. — Whenever long runs of straight pipe 
occur it is usually necessary to employ expansion joints. These 
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Fig. 88. Method of Pipe Anchorage when Using Doable Bzptnsion Joint*. 

should be of simple form, and so spaced that the maximum slip- 
page will not exceed 5 or 6 inches. Under the ordinary condi- 
tions of low-pressure steam and hot- water heating the increase 
in length will not exceed 1.5 inch per 100 feet, so that expansion 
joints placed every 300 to 400 feet will answer the above re- 
quirements. With steam at 100 pounds pressure these distances 
should be reduced about 30 per cent. Data relating to the 
expansion of pipe under different conditions of temperature and 




3L 




Fig. 89. Method of Pipe Anchorage when Using Single Expansion Joint. 

pressure, and the proportioning of offsets and bends to secure 
the necessary flexibility, is taken up in detail in connection with 
Table LXXIX. in Paragraph 336. 

175, Anchors, — In order to distribute the expansion evenly 
among the different offsets and joints it is necessary to anchor 
the pipe at regular intervals. There are various ways of doing 
this, one of which is shown in Fig. 88. In this case the pipe is 
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anchored midway between the joints, thus allowing expansion 
to take place in both directions from this point. Where two of 
these sections meet, a double expansion joint is provided, into 
which the ends of the pipes extending from the points of 
anchorage are inserted. The center, or stationary part of the 
joint is also anchored and service pipes or lateral branches 
taken from this point. Another method is to combine the anchor 
and expansion joint in a single fitting without the use of the 
separate or intermediate anchor. Such an arrangement is shown 

in Fig. 89, where each unit consists 
of an anchor, a single expansion 
joint, and a service outlet if re- 
quired. The expansion of each 
section in this case is in the same 
direction, as indicated by the ar- 
rows. 

An efficient and durable form of 
independent or midway anchor is 
illustrated in Fig. 90, and consists 
of a pair of heavy iron straps placed 
around the pipe at each side of a 
coupling or flanged joint, with the 
ends extending into the walls of the 
conduit at each side. 

176, Special Expansion Joints 
and Anchors. — ^A double slip joint, 
combined with an anchor, is shown 
in Fig. 91. This is similar in con- 
struction to the piston rod and 
stuffing box of an engine or pump. 
The barrel should be of brass to avoid rusting and adjustment 
is secured by means of bolts and nuts as indicated. An expansion 
joint of the diaphragm or variator type, also combined with an 
anchor and outlet, is shown in Fig. 92. In this case the expansion 
is taken up by flexible copper diaphragms of special form enclosed 
in an outer shell of cast iron. With this arrangement stuffing 
boxes are avoided and adjustments unnecessary, which is a matter 
of considerable importance in underground lines. Expansion 
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FIf. BO. Detail of Pipe Anchor. 
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Fie. 91. Doable SUp Joint 



joints of corrugated copper pipe with supporting rings between 
the corrugations are also used in some cases. 

177. Service Pipes 
should be taken off, 
when possible, at the 
expansion joints, for the 
reason that the main is 
practically stationary at 
these points, and also to 
avoid cutting it oftener 
than necessary. 

If other connections must be made the points of take-off 
should be located near anchors. 

Valves. 

178. Type and Location, — ^All valves in work of this kind 
should be of the straightway gate pattern in order to reduce the 
resistance as much as possible. They should be placed in the 
trunk lines at the power house, in all branches where they leave 
the mains, and at such other points along the line as will enable 

sections to be cut out in case 
of repairs without laying up 
the entire system. 

Conduits. 

179. Materials. — In select- 
ing the best type of conduit it 
is necessary to consider insu- 
lation, first cost and dura- 
bility. The materials most 
commonly used in their con- 
struction are concrete, brick, 
vitrified tile and wood. Con- 
crete is better adapted to this class of work than brick on account 
of its lower cost and also because it is more impervious to the 
inleakage of water from the surrounding soil. Brickwork, how- 
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Fig. 92. Double Diaphrasm Expansion Joint. 



Digitized by 



Google 



160 



COMBINED POWER AND HEATING PLANTS 



ever, is often used for the construction of manholes and chambers 
around valves and other fittings which must be accessible. Con- 
crete and tile are the most durable materials and their use should 
be carefully considered when the plant is to be a permanent one. 

The question is sometimes 
raised whether it is economy 
to construct a conduit, the life 
of which will probably exceed 
that of the pipe. This should, 
of course, be taken into ac- 
count when the method of 
construction is such that the 
conduit cannot be opened 
without too great an expense 
when renewing the pipe. 

180. Tunnels large enough 
for carrying the pipes and ad- 
mitting workmen have many 
advantages in the way of in- 
spection and repairs, but are 
very expensive to construct 
except for short distances. A 
section through a tunnel of 
this type is shown in Fig. 93. 
181. Types of Conduits. — A simple form of closed trench or 
conduit is illustrated in Fig. 94. This is made of concrete, with 
an open top, and after the pipes and insulation are in place, is 
covered with slabs of the same material and the joints made 
tight with cement or tar. 

A patented form of tile conduit, quite extensively used for 
long runs of pipe, is shown in Fig. 95. In this case the sections 
of tile are split lengthwise and the bottom half, forming the 
trench, laid first. The pipes are then put in place, being sup- 
ported upon iron cradles resting upon concrete foundations and 
independent of the tiling. The cover or upper half is then put 
in place, the space around the pipe packed with asbestos sponge 
or other insulating material, and the joints made tight with 







Fig. 03. Section through Concrete Pipe 
Tunnel. 
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Fig. 94. Concrete Pipe Trench with Under Drain. 



cement. Another form of patented conduit, especially adapted 
to wet locations, where it is liable to be submerged, is shown 
in Fig. 96. The lower half, which is of concrete, is first con- 
structed and the pipes 

laid, after which the tile - ■ ^ 

cover is put on and made 
tight by a cement dam 
at the sides and a special 
water-proofing poured 
while hot in the joints. 
The method of con- 
structing the foundation 
and of preventing crack- 
ing and the inleakage of 
water are clearly indi- 
cated in the cut. 

It is important that all 
pipe conduits be thor- 
oughly underdrained with tile laid in coarse gravel or crushed 
stone, special care being taken to provide a free outlet for the 
drains at points sufficiently near together to keep the trenches 

free of water. 
.,. While concrete or tile conduits 

are the most durable, very good 
results have been obtained with 
those of wood when properly con- 
structed and protected against 
moisture. A portion of a casing 
of this kind is shown in Fig. 97. 
The sections are made in lengths 
of 6 or 8 feet and are slipped over 
the pipe as it is laid. Solid turned 
logs are used for pipes up to 6 
inches, and staves for the larger 
sizes. The shell varies in thick- 
ness from 2 to 4 inches according 
to size, and the temperature carried in the pipes. It is strength- 
ened with heavy galvanized wire and protected against moisture 
by a coating of asphaltum cement with a special creosote 
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Fig. 96. TUe Pipe Conduit 
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Fif* 08. TUe and Cement Pipe 
Conduit 



preservative at the joints. The interior next the pipe is lined 
with bright tin. Another casing of this general type is illustrated 

in Fig. 98, and consists of a tin 
Kning, outside of which are layers 
of asbestos, wood, corrugated pa- 
per, and finally an outer casing of 
wood staves coated with asphaltum. 
This form of construction has the 
advantage of being removable for 
repairs to the pipe. 

182. Manholes. — These should al- 
ways be furnished at important 
points along the line for access to 
all expansion joints and valves. 
They may be constructed either of brick or concrete and should 
be provided with covers of sufficient strength to support the 
heaviest load to which they are likely 
to be subjected. 

Depreciation of Pipe Lines. 

183. Length of Life. — ^The life of a 

well-constructed conduit of cement 

should exceed that of the pipes which 

it carries, unless damaged by frost, the bursting of pipes, or other 

exceptional causes. For this reason the life of the conduit may 

be considered as limited by 
that of the pipes unless it be 
of such form that the top may 
be removed without serious 
damage to the lower half. 
Table XLIV., giving the 
average life of pipes of dif- 
ferent sizes used for hot- 
water heating is based upon a 
careful inspection of a system 

of piping packed in oiled shavings and enclosed in a conduit 

consisting of three layers of cypress boards 1 inch in thickness 

with air spaces between. 




Fig. 97. Solid Wooden Pipe Conduit 




Fig. 96. Remoyable Wooden Pipe Condoit 
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The life of the pipe will, of course, be influenced by its quality, 
the presence of air upon the inner surfaces and moisture upon 
the outside. 

Table XLIV. 
Life of Pipe Mains. 



Diameter 


of 


Length of 




life. yeaiB. 


IH 




21 


2 




22 


3 




32 


4 




35 


6 




38 


6 




41 


8 




47 


10 




53 


12 




55 



The greater length of life given to the larger sizes of pipe is 
due to the heavier weight of the stock. The life of a wooden 
conduit depends largely upon the quality of the timber, the thor- 
oughness of the under-draining and water-proofing, and the 
character of the soil in which it is laid. Conduits of this gen- 
eral construction have been known to last for 30 years, and 
several cases have been reported where they have been found in 
excellent condition after 10 or 15 years of service. On the other 
hand, they have deteriorated quite rapidly when of poor quality 
or laid in marshy soil. 

One trouble experienced with wooden conduits comes from the 
great difference in temperature to which they are exposed 
during the heating and non-heating seasons, causing them in some 
cases to shrink and swell sufficiently to produce serious injury. 

Table XLV. is for a cypress conduit of the construction al- 
ready described in connection with Table XLIV., assuming the 
soil to be fairly dry and the trenches well drained. 

Table XLV. 
Life of Wooden Conduits. 



Diameter of 

enclosed pipe, 

inches. 


Life of 

conduit, 

years. 


10 " 12 


16 
25 
30 



Tile and cement conduits are practically indestructable so far 
as general deterioration is concerned, but may be affected by 



Digitized by 



Google 



164 COMBINED POWER AND HEATING PLANTS 

exterior causes such as frost, faUure of joints, bursting of pipes, 
etc. 

184. Effect of Cost of Pipe. — In making up an estimate of the 
depreciation of any particular line, the relative cost of the pipe 
and conduit must be considered and the depreciation of each ap- 
plied in its proper proportion. 

Insulation. 

185. Pipe Covering in Tunnels. — ^When considering the insula- 
tion of a pipe the entire covering, including the conduit, must be 
taken into account. In the case of brick or concrete tunnels the 
pipes should be protected with some form of sectional covering 
which has the property of resisting dampness as* well as pre- 
venting the loss of heat. Although the tunnel may be dry in 
winter, when heat is on the mains, there is usually a period 
during the summer when moisture is likely to gather. The best 
grades of sectional covering have an efficiency of 75 to 85 per 
cent, which refers only to the covering on the pipes and not to 
the conduit as a whole. The effect of the tunnel will depend 
largely upon the tightness of the man-hole covers and the pipe 
openings into the various buildings. If these furnish sufficient 
area to produce a perceptible circulation of air through the tunnel 
the insulating effect due to the walls will not amount to very 
much, as the dead air space around the pipes is of the most im- 
portance. Therefore, in tunnel construction, the circulation of 
air through it should be kept at a minimum. 

186. Pipe Covering in Conduits. — In well constructed conduits 
of tile or concrete, where the pipes are well packed with non- 
conducting material, the efficiency will be somewhat greater 
than for the sectional covering used in tunnel work, owing to its 
greater thickness. 

Conduits of this type are usually made of such size that the 
thickness of insulation shall not in any case be less than 3 inches, 
which, in the best class of work, should bring the efficiency of 
the entire conduit up to 90 or 95 per cent. 

With wooden conduits, the casing itself forms both the insulat- 
ing material and the conduit, the whole construction forming 
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a unit. Recent tests upon a series of conduits of this type, the 
walls of which were 4 inches in thickness, showed an average 
efficiency of 95 per cent. 

Wood casings are commonly made of such size as to give a 
dead air space around the pipe of 1 to 2 inches, the pipe being 
held in a central position by means of guides or runners. 
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CHAPTER V. 

POWER AND STEAM REQUIREMENTS FOR DIFFERENT 
TYPES OF BUILDINGS. 

187. Power Requirements, — ^The power requirements in the 
various buildings under consideration commonly include one or 
more of the following items: Electric lighting; elevator service; 
the driving of machinery ; refrigeration ; vacuum cleaning ; electric 
current for miscellaneous motors, including those for cupola 
and forge blowers, ventilating fans, etc.; current for cooking 
and ironing ; auxiliary equipment, including pumps and air com- 
pressors, and mechanical draft. 

188. Steam Requirements. — Steam, in addition to that re- 
quired for the generation of power, is also used for heating; 
ventilation; water heating; cooking; sterilizing; laundry work; 
vacuum cleaning, and various manufacturing purposes. 

189. Combined Power and Steam Requirements. — ^These are 
arranged in Table XLVL, according to the buildings in which 
they are likely to occur and from which a schedule should be 
made as the first step in the design of an isolated plant. While 
only a part of these may be called for in buildings of small size 
a fairly complete list is convenient for purposes of reference, 
and selections can easily be made according to the case in hand. 

Table XLVI. 

Power and Steam Requirements, 
office buildings. 

Power Steam 

Lighting Heating 

Elevator service Ventilation 

Ventilating fans Hot water (lavatories) 

Air cooling 
Auxiliaries 
Mechanical draft 

department stores. 

Power Steam 

Lighting Heating 

Elevator service Ventilation 

Refrigeration Hot water (lavatories) 

Cash system blowers Cooking (lunch room) 

Vacuimi cleaning 
Ventilating fans 
Auxiliaries 
Mechanical draft 

166 
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MUNICIPAL BUILDINGS. 

Pov/er Steam 

Lighting Heating 

Elevator service Ventilation 

Ventilating fans Hot water (lavatories) 

Auxiliaries 
Mechanical draft 

HOTELS. 

Paufer Steam 

Lighting Heating 

Elevator service Ventilation 

Refrigeration Hot water (lavatories, baths, kitchen, 

Vacuum cleaning laundry) 

Laundry and kitchen motors Mangles and dryers 

Electric cooking and ironing Cooking 

Ventilating fans 
Auxiliaries 
Mechanical draft 

HOSPITALS. 

Power Steam 

Lighting Heating 

Elevator service Ventilation 

Refrigeration Hot water (lavatories, baths, kitchen, 
Vacuum cleaning laimdry) 

Laundry and kitchen motors Mangles and dryers 

Electric cooking and ironing Cooking 

Ventilating fans Sterilizing 
Auxiliaries 
Mechanical draft 

THEATRES. 

Paufer Steam 

Lighting Heating 

Elevator service Ventilation 

Ventilating fans Hot water (lavatories) 

Air cooling 
Vacuum cleaning 
Auxiliaries 
Mechanical draft 

TECHNICAL SCHOOLS. 

Power Steam 

Lighting Heating 

Power for machinery Ventilation 

Ventilating fans Hot water (lavatories and baths) 

Auxiliaries Cooking (limch room) 
Mechsmical draft 

LOPT BUILDINGS. 

Power Steam . 

Lighting Heating 

Elevator service Ventilation 

Ventilating fans Hot water (lavatories and industrial 
Air cooling work) 

Power for machinery Steam for various manufacturing pro- 
Auxiliaries cesses 
Mechanical draft 
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RAILROAD STATIONS. 

Pavfer Steam 

Lighting Heating (building and cars) 

Elevator service Ventilation 

Refrigeration Hot water Gavatories, car cleaning, etc.) 

Air compression Cooking (restaurant and lunch room) 

Electric power for switches and signals 
Ventilatmg fans 
Auxiliaries 
Mechanical draft 

MACHINE SHOPS AND FOUNDRIES. 

Power Steam 

Lighting Heating 

Power for machine tools, etc. Ventilation 

Cranes and hoists Hot water (lavatories) 

Ventilating fans Steam for special processes 

Cupola blowers 
Auxiliaries 
Mechanical draft 

PAPER AND TEXTILE MILLS. 

P<nffer Steam 

Lighting Heating 

Driving machinery Ventilation 

Elevators Hot water (lavatories) 

Ventilating fans Steam for dyeing and other processes 

Auxiliaries 
Mechanical draft 

In addition to the above there may be special requirements, 
both for power and steam, not included in the schedule, but 
which must be provided for in certain cases. 

Computing Power Requirements. 

190. Methods of Computation, — The following items have 
been taken from Table XLVI. and will be considered briefly 
under separate headings. Where power or steam requirements 
can be determined with any degree of accuracy for general con- 
ditions, simple methods are given for making fairly close ap- 
proximations. While these are presented partly for purposes of 
illustration they are sufficiently accurate for much preliminary 
work. There are many requirements in the case of large build- 
ings, however, which must be obtained from others in charge of 
special branches of the equipment. While the work of the steam 
engineer includes much detail of design, it is also made up to some 
extent of the assembling and connecting up of various specialties 
too numerous to consider in detail in the present volume. In deter- 
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mining the total power and steam requirements for any particular 
building accurate data relating to all equipment of this kind 
should be obtained from the manufacturers or from the architects 
or engineers having this part of the work in charge. 

191. Schedule of Power Requirements, — 

(A) Driving Machinery. 
(J9) Electric Lighting. 

(C) Elevator Service. 

(D) Refrigeration. 

(E) Vacuum Cleaning. 

(F) Cash System Blowers. 

(G) Cupola and Forge Blowers. 
(H) Laundry and Kitchen Motors. 
(/) Electric Cooking and Ironing. 
(/) Ventilating Fans. 

{K) Auxiliaries. 

(L) Mechanical Draft. 

(Af) Air Compression. 

In each case, unless otherwise noted, the power requirements 
will be reduced to indicated horse power, at the main engine, from 
which the weight of steam may be easily found. 

The efficiencies assumed for engines, generators and motors in 
the following computations are somewhat lower than are ordi- 
narily obtained in the case of large units, but are such as may be 
safely counted upon for the equipment usually found in isolated 
plants of small and medium size. When the actual efficiency of 
any machine to be employed is known it should be substituted 
for the assumed value in making the computations. 

192. Driving Machinery (A). — In this case we will assume 
that the total horse power to be delivered to the main shaft of the 
mill or shop may be obtained either from the owners or the en- 
gineer in charge. Knowing the delivered or brake horse power 
(D. H. P.), the indicated horse power (I. H. P.), may be obtained 
by the formula: 

D. H. P. 
I-H-P-^-MTET 
in which M. E. is the mechanical efficiency of the engine, and will 
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commonly run from 85 to 95 per cent at full load, depending upon 
the type and size. 

Example. — A manufacturing plant requires 1,800 D. H. P.; 
what must be the I. H. P. of the engine if it has a mechanical ef- 
ficiency of 90 per cent? 

Solution : 

1.800 
1. H. P. = -^ = 2,000. 

If the line shafting in a shop is to be motor-driven, then the 
total efficiency of engine, generator and motor must be taken 

D H P 
into account, and we have I. H. P. = — ' ' * in which T. E. = 

the total efficiency, which may be taken as 65 to 75 per cent, under 
ordinary conditions, depending upon the size of the various units. 

Example, — A shop, motor-driven, requires 700 D. H. P. at 
the main shaft ; what should be the I. H. P. of the generator en- 
gine, assuming average efficiencies ? 

Solution : 

,. H. p. = ^.. ,««<,. 

When the power required at the machines is given, the de- 
livered power must be increased about 40 per cent to offset that 
consumed in turning the line-shaft and counter-shafting. When 
individual or small group drives are used this loss is practically 
eliminated, but on the other hand, the efficiency falls off so 
rapidly in motors of small size that the gain may be entirely offset 
under certain conditions. In practice the best results arc usually 
obtained by a combination of individual and group driving. 

Whatever the arrangement employed, a definite statement as 
to the power to be delivered at a given point should be obtained 
and the equipment proportioned accordingly. 

193, Electric Lighting (B). — In order to determine the indi- 
cated horse power for lighting, a list of all the lamps must be 
made, together with the current in amperes required by each. The 
total current multiplied by the voltage will give the watts, from 
which the power required is easily computed, as will be shown 
later. Sometimes the candle-power and efficiency of a lamp are 
given instead of the rating in volts and amperes. In this case the 
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efficiency (in watts per candle-power) multiplied by the candle- 
power will give the total watts required for supplying it. In any 
case the first step is to reduce the electrical energy required for 
lighting to watts, and this divided by 746 will give the electrical 
horse power to be delivered by the generator. The indicated 
horse power of the engine is then found by dividing this quan- 
tity by the product of the generator and engine efficiencies. Plac- 
ing the above in the form of an equation, we have 

I H P - ^X^ 

7^exGEXME 

in which 

/ = total current required, in amperes. 

V = voltage. 

GE = efficiency of generator = 90 to 95 per cent. 

ME = efficiency of engine = 85 to 95 per cent. 

Example. — ^What will be the required capacity of generator and 
indicated horse power of engine to supply the current for a 110- 
volt parallel system carrying one thousand 16-C. P. incandescent 
lamps at 0.6 amperes each, two hundred S2-C. P. lamps at 1.2 
amperes each, 40 mercury vapor lamps at 3.0 amperes each and 
100 arc lamps at 5.0 amperes each? Assume the generator effi- 
ciency to be 95 per cent, and the engine efficiency 90 per cent. 
Solution : 

1,000X0.6= 600 

200X1.2= 240 

40X3.0= 120 

100X5.0= 500 

Total 1,460 amperes. 

Hence, the engine capacity is 

1.460X110 ^^421 HP 
746X0.95X0.9 

and the generator capacity, 

1,460X110 

1,000 

When making approximate estimates for preliminary plans where 

the number and type of lamps have not yet been worked out, the 
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following factors may be used, based upon the square feet of 
floor space to be lighted. 

Incandescent lamps will require from 0.5 to 0.6 watts per 
square foot of floor space for general lighting in offices and halls, 
while drafting rooms and places requiring a more brilliant illumi- 
nation take twice that. 

These figures are for Tungsten lamps. In the case of carbon 
filament lamps of the older type, the lighting power per watt is 
about one-half the above. 

For arc lighting the factors given in Table XLVII. may be 
used for closed lamps having opal globes. 

Table XLVII. 

Watts per aquare foot 

Kind of room. of floor space. 

Clothing store 1 .30 

HaU 1.00 

Drafting room 2 .00 

Machine shop 0.75 

Weave room 1 .20 

Example. — A building contains clothing stores on the first floor 
lighted by arc lamps, and offices above employing Tungsten lamps. 
Total floor space in stores, 5,000 square feet; in offices, 30,000 
square feet. How many watts will be required for lighting? 
Solution : 

5,000X1.3= 6,500 
30,000X0.6 = 18,000 

Total ^4,500 watts. 

Sometimes the capacity of the generator is given instead of the 
current requirements, and the indicated horse power of the engine 
computed from this by the equation : 

, „ p _ Kw.Xl,000 
'^UGXGEXME 
in which 

Kw. = kilowatt rating of generator. 
GE = efficiency of generator. 
ME = efficiency of engine. 
Assuming the lower efficiencies previously given and substituting 
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in the above, we find the indicated horse power of the engine re- 
quired for each kilowatt capacity of the generator to be 

1X1,000 _ 
746X0.90X0.85 ' 

For units ranging from 100 to 500-kilowatt capacity, a ratio of 
1.6 may be used, and 1.5 for largei^ sizes. 

Example. — What should be the I. H. P. of engine to drive a 
200-Kw. generates ? 

Solution : 

200X1.6 = 320. 

194. Elevators (C). — The power required for running an ele- 
vator varies a good deal with the type, speed, and the general 
conditions under which it is operated. If specific data cannot be 
obtained in regard to the actual power necessary under the condi- 
tions of the problem, the following approximations may be used : 
In case of hydraulic passenger elevators assume a live load of 60 
to 80 pounds per square foot of floor space, and weight of elevator 
as 100 to 125 pounds per square foot. Let the car be counter- 
balanced up to 75 per cent of its weight, and run at an average 
speed of 400 feet per minute, with an efficiency of 60 per cent. 
Elevators of this type require power only on the upward trip, as 
the car descends by its own weight. 

The time required for making stops at the different floors, and 
such other time as the elevator may stand idle, is usually provided 
for by computing the power for continuous operation tmder full 
load and taking 50 per cent of the result. 

The general formula for determining the horse power required 
for running an elevator is as follows : 

^ ^ p _ (JV+w)xS 
£X33,000 
in which 

D. H. P. = delivered or brake horse power at machine. 
W = weight of live load, 
w = unbalanced weight of car. 
S = speed in feet per minute. 
E = efficiency. 

In the case of hydraulic elevators the results given by this formula 
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must be divided by 2 and multiplied by 0.5 for the reasons stated 
above. 

Working out several problems according to the assumptions 

noted, shows that from 0.4 to 0.5 horse power must be delivered 

. to the elevator machine, for each square foot of floor space in the 

cars. The steam required for operating elevator pumps will be 

found in Table LXXIV., Paragraph 303. 

In the case of electric elevators of the drum and duplex types, 
the efficiency commonly runs from 50 to 60 per cent. In practice, 
however, it is customary to use the lower figure which allows a 
wider margin of safety. The method of balancing these elevators 
differs from the hydraulic, in that the entire weight of the car and 
from 40 to 50 per cent of the maximum live load is counter- 
weighted. Examples involving these elevators, worked out for 
average conditions, show that from 0.3 to 0.4 delivered horse 
power are required per square foot of floor space. Assuming 
0.35 as the average, and taking motor, generator and engine effi- 
ciences as 0.86, 90 and 90 per cent, respectively, the required ca- 
pacity of the generator engine is found to be 

0.35 
0.86X0.9X0.9 = ^-^ ^- ^- ^• 

per square foot of floor space in the cars. 

The above gives maximum requirements for computing capacity 
of equipment. Operating costs should be based on average re- 
quirements, or about 0.7 of the maximum. 

195. Refrigeration (D), — This is required wherever food is to 
be kept, as in hotels, hospitals, etc., and also in department stores 
for the cold storage of furs. 

Large railroad stations and hotels are usually equipped for the 
manufacture of ice to be used in water coolers and for other 
purposes. Mechanical refrigeration is also used for air cooling 
under certain conditions as described in Paragraph 165. 

As previously stated, the capacity of a refrigerating plant is 
usually expressed in "tons of refrigeration" or "ice-melting 
effect." For example, a 10-ton machine will produce the same 
cooling effect in 24 hours as the melting of 10 tons of ice; or, 
in other words, will extract the same amount of heat from the 
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circulating brine as would be required to melt 10 tons of ice into 
water at a temperature of 32 degrees. In case of the compression 
machine, working under average conditions, 1 indicated horse 
power at the steam cylinder will produce about 60 pounds of ice- 
melting effect per hour, or 0.75 ton per 24 hours. This will, of 
course, vary somewhat with the range of pressure and also with 
the size and type of machine? but in the absence of more exact 
data may be used for approximate results. 

Another method in common use is to provide 1.5 indicated horse 
power per ton of refrigeration, which is slightly more than in the 
preceding case, the average of the two being about 1.4. 

Example, — ^What I. H. P. of engine will be required to drive 
the compressor of a 20-ton ice machine? 

Solution : 

20X1.4 = 28. 

The delivered or brake horse power required at the machine 
may be estimated by assuming an engine efficiency of 0.85, which 
calls for 1.4X0.85 = 1.2 D. H. P. per ton of refrigeration. 

If the machine is motor-driven the efficiency of the engine, 
generator and motor must be taken into account, which gives ap- 
proximately 

I. H. P. per ton of refrigeration at the generator engine. 

The above computations are adapted to the type of refrigeration 
commonly employed in hotels, hospitals, etc., where the cold stor- 
age rooms are cooled by circulation, or direct expansion coils 
supported along the walls, and also to the cooling of air for 
ventilating purposes. If power is required for the actual manu- 
facture of ice, the results obtained by the above methods should 
be doubled. 

196, Vacuum Cleaning (E), — The power required for vacuum 
cleaning depends upon the type and size of machine and the 
purpose for which it is used, whether for carpets, bare floors, 
or walls. With machines of 4 to 8 sweepers capacity the required 
power at the exhauster commonly runs from 2.5 to 3 brake horse 
power per sweeper, the larger figure applying to the cleaning of 
bare floors, etc., where the volume of air handled is at a maximum. 
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In the case of motor-driven machines, the power required at the 
generator engine will run from 3.6 to 4.3 I. H. P. per sweeper, 
assuming the combined efficiency of engine, generator and motor 
to be 70 per cent. For purposes of approximation these figures 
may be taken as 4 and 5 I. H. P. respectively. 

Qeaning systems of the steam jet type require from 200 to 
250 pounds of steam per sweeper per hour. 

197. Cash System Blowers (F). — ^The power required for 
this purpose varies under different conditions and for accurate 
work should be obtained from the makers of the apparatus. In 
case the equipment is already installed the necessary power may 
be estimated by noting the rating of the blower motors and ascer- 
taining if they are operated at their full capacity. 

198. Cupola and Forge Blowers (G). — The power for operat- 
ing equipment of this kind is best obtained either from the 
makers or the engineers directly in charge of its installation. 
While data relating to this work may be taken from fan tables, 
the relations between air pressure and volume vary so widely 
from the conditions of ventilation that results obtained in this way 
are only approximate unless the exact requirements are at hand. 

199. Laundry and Kitchen Motors (//). — ^The power re- 
quired for this purpose may be obtained by listing the various 
motors according to their ratings, or in case of a plant already 
in use, the current supplying them may be measured if it is con- 
siderable in amount and more accurate results are desired. Hav- 
ing determined the brake horse power to be delivered by these 
motors, the indicated horse power at the generator engine may be 
found by dividing this result by 0.7, the combined efficiency (as- 
sumed) of engine, generator and motors. 

^00. Electric Cooking and Ironing (/). — ^When electricity is 
used for cooking, laundry work, etc., estimates must be made up 
from figures obtained from the makers of such apparatus or 
the current may be metered if the plant is already installed. 

201. Ventilating Fans (/). — The power for driving a ven- 
tilating fan may be determined from the size and speed of wheel 
and the resistance in the distributing ducts. 

Data of this kind may be obtained from Table XXIII. in 
connection with the curves in Figs. 80 and 81, (Paragraph 132). 
This gives the power to be delivered at the fan. If an electric 
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motor IS to be used the indicated horse power at the generator 
engine may be found by dividing the delivered or brake horse 
power by 0.7, the combined efficiency or engine, generator and 
motor. 

202. Auxiliaries (K). — ^These include boiler feed and con- 
denser pumps in the case of power plants, and circulating and 
vacuum pumps in connection with heating systems. Miscel- 
laneous pumps, air compressors, etc., are also included under 
this heading. 

When the feed and condenser pumps are driven by motors or 
steam turbines the required power may be based upon their 
ratings, or computed by the methods given in Paragraph 302. 
In the case of steam-driven pumps, of the piston or plunger 
type, it is customary to estimate the weight of steam required to 
operate them rather than the horse power. This for boiler feed, 
condenser, and vacuum pumps will vary in different plants, but 
for those of medium size may be taken as approximately 8 to 10 
per cent of the steam supplied to the main engines. 

The power for driving the circulating pumps in a hot-water 
heating system, operating under a 40-foot f rictional head, will 
run from 1.5 brake horse power per 100 gallons per minute for 
the best type of turbine pump, up to 2 horse power for the cheaper 
grades of centrifugal pumps. For motor-driven outfits these 
figures should be divided by 0.7 to obtain the indicated horse 
power required at the main generator engine. If a direct-con- 
nected engine is used, divide by 0.8 the average efficiency of the 
type commonly employed for this purpose. 

Power requirements for pumping water, etc., are treated 
quite fully in Paragraphs 302 to 304. 

203, Mechanical Draft (L). — The power required for driving 
fans in connection with mechanical draft is small in comparison 
with the size of the plant. Assuming an average coal consump- 
tion of 4 pounds per hour per boiler horse power, it will require 
approximately 230X4 = 920 cubic feet of air for combustion, or 
920-7-60 = 16 cubic feet per minute per boiler horse power to be 
supplied by the blast fan. The power required by the fan per 
cubic foot of air per minute to maintain a draft pressue of 1^4 
inches of water column is approximately 0.0005 D. H. P. for 
forced draft and 0.0007 D. H. P. for induced draft Assuming 
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an engine efficiency of 80 per cent for the type used, it will call 
for 

0.0005X16X100 



0.8 



= 1 I. H. P. 



for each 100 boiler horse power for forced draft, and 
0.0007X16X100 



0.8 



= lA I. n. P. 



for induced draft. 

Example. — A 1,200 horse power boiler plant is to be supplied 
with induced draft; what must be the I. H. P. of the engine for 
driving the fan? 

Solution : 

12X1.4 = 17 

£OJf, Air Compression (M). — Compressors are usually rated 
in cubic feet of free air which they will compress per minute to 
a given higher pressure. When air is compressed, the work done 
during the process is converted into heat, which is taken up by 
the air. This causes a rise in temperature and increase in 
volume, thus adding to the work of compression. In case of the 
higher pressures it is customary to divide the process into stages, 
and pass the air through a cooler, containing pipes filled with 
water, between each stage. For pressures up to 60 pounds a 
single stage compressor is commonly used; from 60 to 200 
pounds, two stages should be employed, and above that to 500 
pounds, three stages. The theoretical horse power required to 
compress one cubic foot of free air per minute to different pres- 
sures is given in Table XLVIII. 

Table XLVIII. 
Theoretical Hokse Power for Compressing Air. 



Gauge prc«ure, 


Horse power per cubic 


Horse power per cubic 


to which air is 


foot of air per min., 


foot 


of air per min.. 


compressed, pounds. 


single stage. 




two stage. 


10 


0.036 






20 


0.063 






30 


0.085 






40 


0.104 






50 


0.120 






60 


0.134 






80 






0.131 


100 






0.158 


130 






0.170 


160 






0.108 


200 






0.217 
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The efficiency of a single-stage compressor may be taken as 
about 60 per cent and that of a two-stage compressor as 75 
per cent. Hence, to find the brake horse power required at the 
compressor, multiply the figures in the table by 1.66 and 1.33 for 
single-stage and two-stage machines respectively. 

Reducing Power Requirements to Pounds of Steam. 

205, Methods of Computation, — In order to compute the boiler 
power in a given plant it is necessary to reduce all power re- 
quirements to pounds of steam. This may be done by multiply- 
ing the total indicated horse power for all purposes involving the 
use of electricity, by the water-rate of the main generator engine. 
In the case of refrigerating machines, air compressors, power 
pumps, etc., driven by independent engines or turbines, the steam 
consumption should be computed separately, according to the 
water-rate of the special type of machine employed, and the result 
added to that of the main engine. 

The water-rates of different types of engines are given in 
Tables LXIV. and LXV., Paragraph 263. 

The water-rates of direct-acting steam pumps are based on the 
delivered or brake horse power and are given in Table LXXIV., 
Paragraph 303, which may be used in determining the steam 
requirements of hydraulic elevators or in other cases involving 
the use of pumps of this type. 

Example. — ^A building requires 120 I. H. P. for lighting; 100 
I. H. P. for electric passenger elevator service; 60 I. H. P. for 
driving miscellaneous motors; 40 I. H. P. for operating an in- 
dependent steam-driven refrigerating machine, and 30 D. H. P. 
for a hydraulic freight elevator. The generators are equipped 
with medium-speed compound engines, the refrigerating ma- 
chine with a simple belted high-speed engine, and the hydraulic 
elevator is operated by a compound non-condensing steam pump. 
What weight of steam will be required per hour by the power 
plant, assuming the auxiliary equipment to use an amount equal 
to 8 per cent of that required by the main generator engine? 

From Table LXIV. the water-rates are found to be 21 and 30 
pounds per I. H. P. per hour for medium-speed compound 
and simple high-speed engines, respectively, while Table 
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LXXIV. gives the steam consumption of a compound non-con- 
densing pump as 65 pounds per D. H. P. per hour. From this 
data we have : 

(120+100+60) X21 = 5,880 

40X30 = 1,200 

30X65 = 1,950 
5,880X0.08 = 470 
Total = 9,500 pounds of steam per hour. 

206, Procedure for Plants in Operation. — The foregoing ap- 
plies especially to the design of new plants, preliminary reports, 
etc. When it is necessary to determine the steam used for power 
purposes in plants already in operation it may be found by ex- 
hausting outboard and weighing or metering the water fed into 
the boilers ; or if the plant is equipped with a surface condenser 
and the exhausts from all sources are connected with the same, 
the condensation may be measured instead of the feed water. 

Computing Steam Requirements. 

207, Schedule of Steam Requirements. — Steam requirements 
for other purposes than power are listed below in a similar 
manner. 

{N) Heating. 

(O) Ventilation. 

(P) Hot Water. 

(Q) Cooking. 

(J?) Sterilizing. 

{S) Laundry Service. 

(T) Steam Jet Vacuum Cleaners. 

([/) Manufacturing Purposes. 

208, Heating (N). — In case of a new building the total heat 
loss by transmission and leakage should be obtained by the 
methods given in Paragraphs 91 to 95, from which the maximum 
weight of steam may be found by the formula 
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in which 

IV = pounds of steam required per hour. 
H = total heat loss from building, in B. T. U. per hour. 
L = latent heat of steam at the pressure employed = 960 
for 5 pounds gauge. 
In case of a completed building, in which the radiation is al- 
ready installed, the maximum weight of steam condensed per 
hour may be computed by the formula 

in which 

W = pounds of steam required per hour. 
R = square feet of direct radiation. 
r = square feet of indirect radiation. 
. E = 250 for low-pressure direct heating. 
e = 400 for low-pressure indirect gravity heating. 
L = latent heat of steam at the pressure employed = 960 
for 2 pounds gauge. 
With forced hot-water heating, multiply the radiating surface 
by 0.85 and proceed as for steam. 

A more exact method is to trap the condensation from the 
entire system into a tank, determine its weight for a given period 
of time, and reduce to the conditions of zero outside tempera- 
ture. WTien this is done the percentage of moisture in the 
steam entering the system should be measured by means of a 
calorimeter and its weight deducted from that of the returning 
condensation. 

These methods are to be employed for determining the maxi- 
mum steam requirements when computing the boiler horse power. 
In problems involving fuel consumption, the average condensation 
per square foot of surface for the heating season should be 
taken. This may be found approximately by first computing 
the maximum condensation, and multiplying the result by a 
factor depending upon the type of system and method of tem- 
perature regulation, as given below. 

Type of system Factor 

Low-pressure steam, gravity system with hand valves. . . 0.80 
Low-pressure steam, vacuum system with graduated valves . 70 

Forced hot water with hand regulation . 60 

Steam or hot water, with automatic regulation 0.55 
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209. Ventilation (O). — The weight of steam required for ven- 
tilation is based upon the voliune of air supplied to the building 
per hour, and the outside temperature. This may be found by 
means of the formula, 



55XL 
in which 

IV = pounds of steam required per hour. 

V = cubic feet of air supplied per hour. 

T = rise in temperature of air, in degrees. 
L = latent heat of steam = 960 for 5 pounds gauge pres- 
sure. 

For zero outside this becomes for 1 cubic foot of air 

1V70 

Example. — A building has an air supply of 2,000,000 cubic 
feet per hour. How many pounds of steam per hour at 5 
pounds pressure will be required for ventilation in zero weather ? 

Solution : 

2,000,000X0.0013 = 2,600. 

When it is desired to obtain the weight of steam required for 
ventilation during the entire heating season, an average out- 
side temperature of 35 degrees may be assumed for New Eng- 
land and the North Atlantic States, which calls for 0.0013 -r- 2 = 
0.0007 pounds of steam per cubic foot of air supplied. 

210. Hot Water for Lavatories and Baths (P). — The steam 
necessary for heating water is easily determined if the quantity 
to be heated is known, together with the rise in temperature. 
This is given by the formula, 

cx8.3xr 

960 
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in which 

W = pounds of steam at 5 pounds pressure. 
G = gallons of water to be heated. 
T = rise in temperature, in degrees. 

If the water is to be heated from 50 to 130 degrees for bathing 
purposes, then for 1 gallon, 

,„ 1X8.3X80 

W = ^ = 0.7 pounds. 

The quantity of water to be heated in a given time can usually be 
obtained from the architect or owner of the building. If not, 
an approximation for hotels, apartment houses, hospitals, etc., 
may be made by assuming that from 20 to 30 gallons will be re- 
quired for a tub bath, and that each tub will be used on an 
average of three times per hour during bathing hours. 

Example. — A hotel has 100 public baths and 200 private 
baths. What weight of steam will be required per hour to heat 
the water from 50 to 130 degrees, assuming the public baths to 
be used three times each and the private baths once? 

Solution: Total gallons of water used per hour= (100X^5 
X3) + (200X25X1) = 12,500, from which the weight of steam 
required for heating it is found to be 12,500X0.7 = 8,750 pounds. 
The water required for lavatories in buildings of various kinds 
may be determined approximately by assuming that 1 gallon will 
be drawn each time the bowl is used, and estimating the frequency 
of use from the type of building. This multiplied by the number 
of bowls will give the gallons of water to be heated during the 
period taken. If steam is to be supplied to a system already in 
use the condensation from the heating coil may be measured as 
already described. 

In the case of hotels and institutions the greater part of the 
hot-water supply is used during the morning and late evening, 
which include the hours for bathing. By providing a large 
storage tank the steam requirements for water heating may be 
distributed over an extended period, the length of which will 
depend upon the size of tank. When an instantaneous heater 
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is used the boiler capacity must be proportioned to heat the maxi- 
mum quantity of water as needed. 

. .211, Cooking (Q). — Very little reliable data for general use 
is available upon this subject. If the steam supply is for a 
plant already in use, the present requirements may be deter- 
mined by measuring the condensation. If the estimate is for a 
new plant, data as to the required steam supply should be ob- 
tained from the company furnishing the apparatus. 

212. Sterilisiing (R). — Data regarding this must be obtained 
from the makers of the apparatus, or the condensation from a 
similar equipment may be measured. 

21S. Laundry Service (S), — ^This includes steam for heating 
water, operating mangles, and for drying purposes. Here again 
an estimate of the steam required for the entire laundry outfit 
should be obtained from the makers of the apparatus to be in- 
stalled. In the case of hospitals and similar buildings, from 5 
to 6 pounds of steam per hour for each person in the entire in- 
stitution has been found ample for heating the water for laundry 
and bathing purposes. 

2H, Steam Jet Vacuum Cleaners (T). — A vacuum cleaning 
outfit of this kind requires from 200 to 250 pounds of steam per 
sweeper per hour, depending upon the vacuum carried and the 
class of work for which it is employed. High pressure steam 
should be used for this purpose. 

215. Manufacturing Purposes (U), — Conditions vary so 
widely that all data relating to the steam requirements for manu- 
facturing purposes must be obtained from the owners or mill 
engineers, unless there is an opportunity to make tests and 
measurements at the plant, or at a similar one when the equip- 
ment to be supplied is new. 

216. Sunifnary. — As previously stated, whenever more exact 
data is at hand it should be substituted in the preceding formulae 
in place of the assumptions there given. In the absence of this, 
the average values found under the different headings may be 
used. For convenient reference the various methods employed 
for determining the power and steam requirements listed in 
Table XL VI. are given in abbreviated form in Tables XLIX. 
and L. 
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Table XLIX. 

Formulae for Deterjoning tse Indicated Horse Power of Main Engine 
FOR Different Power Requirements. 

(A) Driving Machinery . 

D. H. P. 

(1) LH. P.= 

ME 
in which 

I. H. P. —indicated horse power of engine when belted to main shaft. 
D. H. P. = delivered or brake horse power required at main shaft. 

ME — mechanical efficiency of engine, which may be taken as . 85 to . 95. 

D. H. P. 

(2) I. H. P.= 

TE 
in which 

I. H. P. » indicated horse power of generator engine when the line shafting 

is motor driven. 
D. H. P. « brake horse power required at main shaft. 

r£= combined emciency of engine, generator and motor, taken as 0.65 
to 0.76. 

(B) Electric Lighting, 

IXV 

(1) I. H. P.= 

l^eXGEXME 
in which 

I. H. P. s indicated horse power of generator engine. 
/» total current required, in amperes. 
V = voltage. 
GE — efficiency of generator, taken as . 90 to . 95. 
ME — efficiency of engine, taken as . 85 to . 95. 

IXV 

(2) Kw.= 

1,000 
in which 

Kw.— kilowatts. 
/= amperes. 
F= volts. 

Kw.X 1,000 
(3) I. H. P.> 



74&XGEXME 
in which 

I. H. P. = indicated horse power of generator engine. 
Kw. = rating of generator, in kilowatts. 
(?£- efficiency of generator. 
i/£= efficiency of engine. 

(4)1. H. P.=Kw.X/2 
in which 

I. H. P. » indicated horse power of generator engine. 
Kw. = rating of generator, in kilowatts. 

{1.75 for units of less than 100 kilowatt capacity. 
1.60 for units of 100 to 500 kilowatt capacity. 
1.50 for units above 500 kilowatt capacity. 
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(Q ElmUors, 

(W-\-w)XS 

(1) D. H. P.= 

£X33,000 
in which 

D. H. P. = delivered or brake horse power required by elevator. 
W^= weight of live load. 
!&=: unbalanced weight of car. 
5= speed, in feet per minute. 
£=efl&ciency. 

(2) D. H. P.=FX0.45 
in which • 

D. H. p. = brake horse power required. 

F= square feet of floor space in the cars of hydraulic elevators. 

(3) D. H. P.«/?X0.35 
in which 

D. H. P. = brake horse power required. 

/J" = square feet of floor space in the cars of electric elevators of the du- 
plex and drum types. 

D.H.P. 

(4) I. H. P.= 

TE 
in which 

I. H. P.— indicated horse power of generator engine for electric elevators. 
D. H. P. =» brake horse power required. 

r£= combined efficiency of engine, generator and motor, taken as 0.7 

Formulas (2) and (3) are for capacity of equipment. 
For average operation, multiply the results by 0.7. 

(D) Refrigeration. 

(1) I. H. p. = i.4xr^ 
in which 

I. H. P. = indicated horse power of engine for steam driven compressor. 
r^= rating of ice machine, in tons of refrigeration per 24 hours. 

(2) I. H. P. = 2.8Xr/ 
in which 

I. H. P. = indicated horse power of engine for steam-driven compressor. 
r/ = rating of machine in tons of ice per 24 hours. 

(3) D. H. P. = 1.2Xr^ 
in which 

D. H. P. = delivered or brake horse power at machine. 

r^= rating of ice machine in tons of refrigeration per 24 hours. 

(4) I. H. P. = 1.8Xri2 
in which 

I. H. P. « indicated horsepower at generator engine for a motor-driven 
machine. 
r/S— rating of ice machine in tons of refrigeration per 24 hours. 
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(E) Vacuum Cleaning. 

(1) D.H. P.=iVX3 
in which 

D. H. P. — brake horse power for exhauster type of machine. 
N = number of sweepers. 

(2) I.H.P.=i!rX4.6 
in which 

I. H. P. = indicated horse power at generator engine, for motor-driven ma- 
chine. 
N ^number of sweepers. 
In case of steam jet machines, allow 250 pounds of steam per hour per sweeper. 

(F) Cash System Blowers 

M 

(1) I.H. P.- 

TE 
in which 

I. H. P. = indicated horse power at generator engine, 
if = horse-power rating of motor. 
r£= combined efficiencies of engine, generator, and motor, taken as 0.7. 

(G) Cupola and Forge Blowers. 

M 

(1)I.H. P.- 

TE 
Symbols same as in (F) 

{H) Laundry and Kitchen Motors, 

M 

(1) I. H. P.= 

TE 
Symbols same as in (F) 

(/) Electric Cooking, Ironing, etc. 

IXV 
(1) I. H. P.= 



74QXGEXME 
in which 

I. H. P. —indicated horse power at generator engine. 
/=: total current, in amperes. 
7= voltage. 
C;£»0.90to0.95. 
Af£=0.85to0.95. 

(7) Ventilaling Pans. 

See Figs. 80 and 81, and Table XXIII for D. H. P. required by fans. 

D. H. P. 

(1) I.H. P.= 

0.7 
in which 

I. H. P. = indicated horse power at generator engine for motor-driven fans. 
D. H. P. = brake horse power required by fan. 
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(K) Auxiliaries, 

(1) W^EXR 
in which 

(r= weight of steam used by feed and condenser pumps. 
£= weight of steam used by main engines. 
/J= factor, taken as 0.08 to 0.10. 

G 

(2) I. H. P.=— 

40 
in which 

I. H. P.— indicated horse power of engine for driving circulating pump in 
hot-water heating. 
G'^i gallons of water circulated per minute. 

G 

(3) I. H. ?.=— 

35 
in which 

I. H. P. = indicated horse power at generator engine for motor-driven pump. 

(L) Mechanical Draft. 

1XB.H.P. 

(1) I. H. P.= 

100 
in which 

I. H. P. ^indicated horse power of fan engine for forced draft. 
B. H. P. = boiler horse power. 

1.4XB.H.P. 

(2) I. H. P.= 

100 
in which 

I. H. P. "indicated horse power of fan engine for induced draft. 
B. H. P. = boiler horse power. 

(A/) Air Compression. 

cxv 

(1) D. H. P.= 

E 
in which 

D. H. P. = delivered horse power required at compressor. 

C= theoretical horse power required to compress 1 cubic foot of air 
(see Table XLVIII). 

V= cubic feet of free air compressed per minute. 

£= efficiency tof compressor =0.60 for single-stage, and 0.75 for two- 
stage machine. 

D. H. P. 

(2) I.H. P.=- 



0.7 
in which 

I. H. P. = indicated horse power at generator engine for motor-driven com- 
pressor. 
D. H. P. = delivered horse power required at compressor. 
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Table L. 
Formulae for Determining Steam Requirements for Different Purposes. 
(N) Heating, 



in which 



H 

(1) w 

960 

PF= pounds of steam required per hour. 

£f = total heat loss by transmission and leakage in B. T. U. per hour. 

(/eX260)H-(fX400) 
(2) W-^ — 



in which 



800 



TT^ pounds of steam required per hour, 
if = square feet of direct radiation. 
r» square feet of indirect radiation. 
For weight of steam for entire season, see Paragraph 208. 

(O) Veniilation, 

VXT 
(1) w= 



in which 



&5XL 

IF » pounds of steam required per hour. 
F= cubic feet of air supplied per hour. 
r=rise in temperature of air, in degrees. 
£s latent heat of steam at the pressure used. 

(2) W=-0.0013XV 

For a temperature rise of 70 degrees, with steam at 5 pounds pressure. 
For weight of steam for entire season, see Paragraph 209. 

(P) Hot-Water Heating. 

GX8.3Xr 



(1) W^- 

L 
in which 

IF s pounds of steam required. 
(7= gallons of water to be heated. 
r=rise in temperature of water, in degrees. 
L= latent heat of steam at pressure used. 

(2) Tr=0.7XG 

For a temperature rise of 80 degrees, with steam at 5 pounds pressure. 

Items Q, Rt S and U require special information and cannot be tabulated. Item 
T is included under E, 
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CHAPTER VI. 
THE BOILER PLANT. 

217, Power Plant Equipment. — The data given in connection 
with power plant equipment relates especially to matters of 
selection and arrangement, and to the methods of operation 
necessary for securing the greatest economy under existing con- 
ditions. Details relating to the theory and design of special 
machines and devices employed in this class of work have al- 
ready been considered in a previous volume and do not come 
within the province of power plant design. 

Selection of a Boiler. 

218, Factors to Be Considered, — AmOng the governing fac- 
tors in the selection of a boiler are pressure to be carried, size 
and number of units, available space, and cost. To these may 
be added details of construction, relating especially to acces- 
sibility for inspection, cleaning and repairs. 

When the boilers are furnished by builders of established 
reputation, it is not usually necessary for the engine^er to pre- 
pare detailed specifications. General requirements as to pres- 
sure, amount of heating and grate surface, type of furnace and 
setting are furnished the builder, from which he in turn prepares 
specifications for the approval of the engineer and which are 
submitted with his bid. This applies especially to water-tube 
and patented boilers, of which there is a great variety. In the 
case of fire-tube boilers of the horizontal type the engineer often 
furnishes specifications, particularly where any departure from 
standard construction is required. 

219, Types of Boilers, — The boilers most frequently used in 
isolated plants are the horizontal return fire-tube and the 
standard makes of water-tube boilers. Vertical fire-tube, loco- 
motive and marine boilers are also used to some extent in special 
cases. In the matter of fuel consumption for a given capacity 
there is very little choice in the different types of equal grade, 
and matters of adaptability and cost are the governing fea- 
tures in making a selection. 

190 
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Return tubular boilers are rarely used for pressures over 150 
pounds per square inch or for sizes much above 1^ horse power, 
owing to the thickness of plate required, which in general, should 
not exceed ^ or % inch. Within these limits they are an ef- 
ficient type and are especially adapted to low basements. The 
first cost of a return tubular boiler is somewhat less than for a 
water-tube boiler, which is sometimes a deciding factor. 

For larger units and higher pressures some form of water- 
tube boiler is usually installed. Boilers of this type are also fre- 
quently employed in small and medium size plants on the score 
of greater safety, and special designs are constructed for loca- 
tions where head room is limited. 

Boiler Capacity. 

220. Basis of Rating, — The capacity of a boiler is based upon 
the weight of steam which it will furnish in a given time under 
specified conditions. The standard of measurement adopted is 
•the weight of dry steam evaporated per hour from and at 212 
degrees, which corresponds to atmospheric pressure. The per- 
formance of a boiler operating under other conditions may be 
reduced to this standard by the use of Table LI. 



Table LI. 
Factors of Evaporation. 



Temperature 


Steam pressure, by gauge. 


of feed water, 


' 


degrees F. 


























80 


90 


100 


110 


120 


130 


140 


150 


160 


180 


200 


82 


1.222 


1.226 


1.227 


1.229 


1.231 


1.232 


1.234 


1.236 


1.237 


1.240 


1.243 


40 


1.214 


1.216 


1.219 


1.220 


1.222 


1.224 


1.226 


1.227 


1.229 


1.232 


1.234 


£0 


1.204 


1.206 


1.208 


1.210 


1.212 


1.214 


1.215 


1.217 


1.218 


1.221 


1.224 


60 


1.193 


1.196 


1.198 


1.200 


1.202 


1.203 


1.206 


1.207 


1.208 


1.211 


1.214 


70 


1.183 


1.186 


1.187 


1.189 


1.191 


1.193 


1.194 


1.196 


1.197 


1.200 


1.203 


80 


1.173 


1.175 


1.177 


1.179 


1.181 


1.183 


1.184 


1.186 


1.187 


1.190 


1.193 


00 


1.162 


1.166 


1.167 


1.169 


1.170 


1.172 


1.174 


1.176 


1.177 


1.180 


1.183 


100 


1.152 


1.154 


1.156 


1.168 


1.160 


1.162 


1.164 


1.166 


1.167 


1.170 


1.172 


110 


1.142 


1.144 


1.146 


1.148 


1.160 


1.162 


1.153 


1.165 


1.156 


1.159 


1.162 


120 


1.131 


1.133 


1.136 


1138 


1.140 


1.141 


1.143 


1.146 


1.146 


1.149 


1.151 


130 


1.121 


1.123 


1.125 


1.127 


1.129 


1.130 


1.132 


1.134 


1.136 


1.138 


1.141 


140 


1.110 


1.113 


1.116 


1.117 


1.119 


1.120 


1.122 


1.124 


1.126 


1.128 


1.131 


150 


1.100 


1.102 


1.104 


1.106 


1.108 


1.110 


1.111 


1.113 


1.115 


1.118 


1.120 


160 


1.090 


1.092 


1.094 


1.096 


1.098 


1.100 


1.101 


1.103 


1.104 


1.107 


1.110 


170 


1.079 


1.081 


1.083 


1.085 


1.087 


1.089 


1.091 


1.002 


1.094 


1.097 


1.099 


180 


1.069 


1.071 


1.073 


1.075 


1.077 


1.079 


1.080 


1.082 


1.083 


1.086 


1.089 


190 


1.058 


1.060 


1.063 


1.066 


1.066 


1.068 


1.070 


1.071 


1.073 


1.076 


1.078 


200 


1.048 


1.050 


1.062 


1.064 


1.066 


1.058 


1.059 


1.061 


1.063 


1.066 


1.068 


210 


1.037 


1.040 


1.042 


1.044 


1.046 


1.047 


1.049 


1.051 


1.062 


1.055 


1.057 
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Example. — ^A boiler supplied with feed water at a temperature 
of 70 degrees generates 4,000 pounds of dry and saturated steam 
per hour at a pressure of 180 pounds gauge. What is its 
equivalent evaporation from and at 212 degrees? 

The factor for the above conditions from Table LI. is 1.2, 
hence the equivalent evaporation under standard conditions is 
4,000X1.2 = 4,800 pounds of steam per hour. 

The heat required to evaporate one pound of water from a 
temperature of 212 degrees into steam at atmospheric pressure 
is 970 B. T. U. (Table LXII.) 

221. Horse Power Rating. — One boiler horse power represents 
the capacity to evaporate 34.5 pounds of water per hour from 
and at 212 degrees, which process requires 970X34.5 = 33,465 
B. T. U. In practical work this is commonly taken as 33,000 
which gives results on the side of safety. 

222. Heating Surface, — What is commonly known as heating 
surface includes all plates and tubes exposed to hot gases on one 
side and water on the other. Surface coming above the water 
line and exposed to hot gases on one side and steam on the other 
is called superheating surface. 

The effectiveness of the various heating surfaces depends upon 
their location and character, but in all computations relating to 
boiler capacity it is customary to assume a uniform value for the 
entire heating surface which shall represent a fair average under 
ordinary working conditions. 

For power work an evaporation of 3 to 3.5 pounds of water 
per square foot of heating surface per hour may be taken, which 

34 5 

calls for — '— = 11.5 square feet per horse power in the first case 

o 

34.5 
and -5-=- = 9.9 square feet in the second. 
0.0 

223. Builders' Rating. — Builders usually rate their boilers on 
a basis of 10 square feet of heating surface per horse power for 
water-tube boilers and 12 square feet for return tubular boilers, 
but as no uniform rule is followed in this respect the engineer 
should always specify the amount of heating surface required 
rather than the horse power. Some engineers call for a guar- 
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anteed evaporation under standard conditions as to feed tempera- 
ture, steam pressure and coal consumption. 

In the case of return tubular boilers it is well to state diameter 
and number of tubes for a given diameter of shell, as the ef- 
ficiency is lowered by crowding them too closely together. Table 
LI I. gives tube data as recommended by the Hartford Steam 
Boiler Inspection and Insurance Company. 



Table LII. 
Data for Retusn Tubular Boilers. 



Diameter of shell. 


Diameter of tubes. 


Number of 


in inches. 


in inches. 


tubes. 


48 


3 


44 


54 


3 


54 


64 


3>^ 


46 


60 


3 


72 


60 


3>^ 


64 


66 


3 


00 


66 


3)4 


78 


66 


4 


62 


72 


3 


114 


72 


3H 


98 


72 


4 


72 



22If, Efficiency, — The efficiency of a boiler plant is made up of 
the combined efficiencies of the furnace and boiler and is ex- 
pressed by the ratio. 

Heat absorbed by the water in the 
boiler per pound of coal, as fired. 
Calorific value of one pound of coal, 
as fired. 

When oil fuel is used or mechanical appliances are provided 
for feeding the coal or creating a draft, the heat required per 
pound of fuel for this purpose must be deducted from that de- 
livered by the boiler in the form of steam for useful purposes 
in order to obtain the net efficiency. The heat absorbed by the 
water in the boiler per pound of coal is equal to 

970XH^X^X/ 



w 
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in which 

IV = apparent weight of water evaporated, in pounds per 

hour. 
X = quality of the steam. 

/ = factor of evaporation for the conditions of feed tem- 
perature and steam pressure during the test. 
w = weight of coal burned, in pounds per hour. 
The calorific value of coal varies with the kind and the locality 
from which it comes, and should be determined in each particu- 
lar case for accurate results. For approximate work the follow- 
ing values may be used : 

Table LIII. 
CAlobific Value of American Coals. 

Calorific value. 
Kind of coaL In B. T. U. 

per pound. 

Anthracite 13.200 

Semi-anthracite 13.800 

Semi-bituminous 14.700 

Eastern bituminous 13,600 

Western bituminous 12,300 

In general, the efficiency will run from 50 to 70 per cent, aver- 
aging about 60 per cent in well designed and carefully operated 
isolated plants of good size. The above applies to boilers work- 
ing under normal conditions. 

When forced beyond the capacity for which they are designed 
the efficiency falls off somewhat, although not so much as was 
formerly supposed. Tests show that when a well designed boiler, 
proportioned for an evaporation of 3 pounds of water per square 
foot'of heating surface per hour, is forced to evaporate twice that 
amount, the relative efficiency falls off less than 20 per cent. 

Boiler Performance. 

225, Results Included. — This relates to the various results ob- 
tained in the practical operation of steam boilers, such as rates of 
combustion and evaporation, coal per horse power, etc. 

2:26. Rate of Combustion. — The weight of coal burned per 
square foot of grate per hour depends principally upon the kind 
of fuel, the type of furnace and strength of draft. The foUow- 
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ing table gives about the average for different grades of coal 
burned under a natural draft. These figures, however, may be 
exceeded somewhat in large plants according to local conditions. 

Table LIV. 
Rate op Combustion with Natueal Draft. 



Kind of coaL 

Anthracite buckwheat No. 1. . 

Anthracite pea 

Anthracite nat 

Semi-anthradte, screeninga. . . 
Semi-anthradte, run of mine. . 
Semi-bituminous, screenings. . . 
Semi-bituminous, run of mine. 

Bituminous, slaclc 

Bituminous, screenings 

Bituminous, run of mine 



Pounds burned 

per square foot of 

grate per hour. 

0-12 
12-16 
14-18 
14-18 
1&-22 
18-24 
18-24 
18-24 
20-26 
2&-28 



With mechanical draft the rate of combustion may be greatly 
increased if desired, but is not usually carried much over 30 
pounds in stationary plants of medium size. With certain types 
of stokers, however, the best results are obtained with small 
grate areas and high rates of combustion, but for average 
practice, with hand-fired furnaces, the figures given in Table LIV. 
should be generally followed. 

^27. Rate of Evaporation. — ^This depends partly upon the 
grade of fuel and partly upon the boiler and furnace efficiencies, 
which in turn are influenced by the character and arrangement 
of the heating surface and its relation to the grate area. 

Table LV. gives the pounds of water evaporated per pound of 
coal for different calorific values and efficiencies within the usual 
range in isolated plants. 

Table LV. 
Rate of Evaporation for Different Boiler Efficiencies. 



Combined 
efficiency 


Pounds of steam from and at 
212 degrees per pound of coal. 


of boiler 

and 
furnace. 


Calorific value of coal in B. T. U. 
per pound. 


percent. 


12,000 


13.000 


14.000 


15.000 


60 
60 
70 


6.2 
7.4 
8.6 


6.7 
8.0 
9.4 


7.2 
8.6 
10.1 


7.7 
9.3 
11.8 
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Pounds of Coal per Horse Power per Hour. — This is 
found by dividing 34.5 by the rate of evaporation obtained in any 
given case. Table LVI. has been prepared for the same condi- 
tions of boiler efficiency and calorific value of fuel as Table LV., 
and gives the pounds of coal required per boiler horse power per 
hour. 

Table LVI. 

Coal Consumption per Boiler Horse Power per Hour. 



Combined 
cfficiencicB 


Pounds of coal per boiler horse- 
power per hour. 


of boiler 

and 
furnace. 


Calorific value of coal m B. T. U. 
per pound. 


per cent. 


12.000 


13.000 


14.000 


15,000 


50 
60 
70 


5.6 
4.7 
4.0 


5.2 
4.3 

3.7 


4.8 
4.0 
3.4 


4.5 
3.7 
3.2 



Boiler Power for Different Purposes. 

229, Method of Obtaining. — ^The boiler horse power for differ- 
ent purposes is easily obtained from the data given in Tables 
XLIX. and L., Paragraph 216. 

230. Boiler Capacity for Power. — All power requirements 
should be reduced to indicated horse power. This multiplied by 
the water-rate of the engine, reduced to an equivalent evapora- 
tion from and at 212 degrees, and divided by 34.6, will give the 
boiler horse power required. Expressed as a formula, this be- 
comes 

I. H. P.XW. R.X/ 



B. H. P. 
in which 



34.5 



B. H. P. = boiler horse power required. 

I. H. P. = indicated horse power of engine to be supplied. 

W. R. = water-rate of engine, (Tables LXIV. and 

LXV., Paragraph 263). 

/ = factor of evaporation for given conditions of 

feed temperature and pressure. (Table LI.). 

Example. — What boiler capacity will be necessary to supply 
power for a factory requiring 500 I. H. P. at the engine? Power 
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to be furnished by a slow-speed simple condensing engine using 
20 pounds of steam per I. H. P. per hour. Average feed-water 
temperature 60 degrees. Steam pressure 100 pounds gauge- 
In this case we have 
I H. P. = 600. 
W. R .= 20. 
/ = 1.198. 
which, substituted in the formula, calls for 

500X20X1.198 

— — == 317 boiler horse power. 

This gives simply the boiler power for supplying the engine. If 
steam is required for other purposes such as the driving of pumps, 
heating, ventilating, etc., the capacity should be increased accord- 
ingly. 

2S1. Boiler Capacity for Heating, Ventilation, Etc. — The gen- 
eral method in this case is the same as above described. All heat- 
ing requirements are first reduced to pounds of steam per hour by 
means of data given in Table L. This multiplied by the proper 
factor of evaporation, and the result divided by 34.5 will give the 
boiler horse power. When exhaust steam is utilized for this 
purpose the amount used should be deducted from the total re- 
quired in computing the boiler horse power, as described later. 

Draft 

232. Method of Producing, — The necessary draft for burning 
the fuel in a boiler furnace is produced either by a chimney or by 
mechanical means. The first method, known as natural draft, is 
commonly employed in the average isolated plant, although it is 
sometimes strengthened by mechanical devices. 

Mechanical draft is usually produced by a fan and when used 
alone is generally confined to manufacturing plants or to institu- 
tions having a separate power house. Most large buildings have 
sufficient height to produce the required draft without extend- 
ing the chimney any great distance above the roof, and in any 
case the top of the stack must be at a sufficient elevation to carry 
off the gases of combustion. When the grade of fuel or type 
of stoker used calls for mechanical draft it is commonly employed 
in connection with a chimney in plants of this kind. 
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233, Strength of Draft Required. — ^The strength of draft re- 
quired depends upon the grade of fuel, rate of combustion, and 
also upon the form and length of the various smoke passages. 
The resistance to be overcome is commonly considered as being 
made up of three parts; that between the ash-pit and furnace; 
between the furnace and smoke outlet, and between the smoke 
outlet and chimney. 

Table LVII. gives common values for the first of these for 
different grades of fuel with average rates of combustion taken 
from Table LIV., and may be used in the absence of more definite 
information. 

Table LVII. 

Draft Required for Different Kinds of Coal. 

Average rate Required draft 

of combustion, between furnace 

Kind of coal. pounds per and ash-pit, 

square foot of in inches 

grate per hour. ci water. 

Anthracite, buckwheat No. 3 10 0.40 

Anthracite, buckwheat No. 1 12 0.30 

Anthracite, pea 16 0.30 

Semi-bituminous, run of mine. ... 24 0.28 

Bituminous, slack 24 0.22 

Bituminous, run of mine 28 0. 16 

The draft pressure required for overcoming the resistance of 
the furnace and smoke passages will vary in different cases, but 
for average conditions, from 0.5 to 0.7 inches of water column 
may be assumed. In designing a chimney the draft necessary for 
overcoming the total resistance should be taken into account when 
making the computations. 

23^. Chimney Design, — ^This is usually included in the build- 
ing contract, but the dimensions are commonly furnished by the 
engineer in charge of the steam plant. The requirements of a 
chimney are that it shall provide sufficient draft to overcome 
the resistances noted above and also carry off the gases of com- 
bustion. There are various formulae in use for the design of 
chimneys for power-plant work, but space does not allow of a 
discussion of these in detail. A simple method, which gives re- 
sults corresponding well with current practice, is to compute the 
height by the formula, 

d 



H = 



0.0066 
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in which 

H = height of chimney, in feet. 
d = total draft required, in inches of water. 
The flue area may be determined by use of Table LVIII. 

Table LVIII. 
Heights and Flue Areas of Chimneys. 



Height of 
chimney 
in feet. 


Ratio of flue 

area to 

grate area. 


Anthracite. 


Bituminous. 


100 
125 
150 
200 


0.143 
0.125 
0.111 
0.100 


0.166 
0.143 
0.125 
0.111 



Example. — A boiler plant has a total grate area of 80 square 
feet, and it is desired to bum 15 pounds of anthracite pea coal per 
square foot per hour. What should be the chimney dimensions ? 

Total draft = 0.30+0.6 = 0.9 inches of water; calling for a 

Area of flue = 80X0.111 = 8.88 square feet, which corre- 
sponds to a diameter of approximately 314 feet. 

In designing a chimney, provision should be made for any 
forcing of the boilers which is likely to occur. This also applies 
to the equipment for mechanical draft. 

2S5. Mechanical Draft. — Steel plate centrifugal fans are com- 
monly used for this purpose, both the paddle-wheel and multi- 
vane types being adapted to this class of work. Two methods are 
employed, known as forced draft and induced draft. In the first of 
these the air is forced into the ash-pit under pressure, and in the 
second a suction is applied at the smoke opening in the boiler 
setting. Forced draft is somewhat cheaper to install owing to the 
smaller size of fan and connecting ducts, but does not produce 
such a uniform pressure over the entire grate as an induced draft. 
Furthermore, care must always be taken to shut off the pres- 
sure before opening the fire doors else flame and gases will be 
blown into the boiler room. Induced draft produces practically 
the same eflFect as a natural or chimney draft, but as the heated 
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gases pass through the fan, a larger volume must be handled, 
thus requiring an equipment of greater capacity. 

236. Air Required for Combustion. — About ^30 cubic feet of 
air at a temperature of 70 degrees are required for the com- 
bustion of each pound of coal burned under mechanical draft. 
Knowing the grate area and rate of combustion, the volume of 
air to be supplied in any given case is easily determined. 

237. Fan Equipment for Forced Draft. — ^The method of com- 
puting the fan and power requirements for mechanical draft 
have been considered in detail in preceding volumes, hence only 
tabulated data will be given in the present case. Table LIX. 
relates to fans of the standard paddle-wheel type having a width 
equal to one-half the diameter. Table LX. applies to the "Sir- 
occo" fan, which is of the multivane type. Both tables are based 
upon an air temperature of 70 degrees and a velocity of 2,000 
feet per minute through the fan outlet. The horse power in 
each case represents the actual brake horse power required at 
the fan shaft. When selecting an engine, turbine or motor for 
driving the fan, an allowance of about 10 per cent should be pro- 
vided for emergencies. 

The upper line in each table gives the diameter of the fan 
wheel, and the second line the cubic feet of air moved per minute 
under the conditions of speed and pressure stated below. 

238. Fan Equipment for Induced Draft. — ^When induced draft 
is employed certain changes must be made in the fan equipment 
due to the higher temperature and greater volume of the gases 
to be handled. That is, when air is heated it expands and in 
order to supply a given volume to the ash-pit at boiler room tem- 
perature it is necessary to draw through the fan a considerably 
larger volume at a higher temperature, thus requiring an in- 
creased speed of fan and more power. For average flue gas 
temperatures of 500 to 550 degrees the correction factors for 
maintaining a constant pressure difference between the ash-pit 
and furnace are approximately as follows: Air volume, 0.7; 
speed of fan, 1.4; power, 1.4. 

For example. Table LIX. shows that a 4-foot fan at 370 r. p. 
m. will maintain a pressure of 1 inch water column, and deliver 
10,000 cubic feet of air per minute with a power expenditure 
of 4.4 H. P. when used for forced draft. 
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If now the same fan be used to maintain the same pressure 
under induced draft the air volume will become 10,000X0.7 = 
7,000 cubic feet; the required speed 370X1.4 = 518 r. p. m.; 
and the horse power 4.4X1.4 = 6.2. The use of these tables is 
best shown by a practical illustration. 

Example. — A boiler plant burning 2,600 pounds of coal per 
hour requires a draft pressure of 1.5 inches of water. What 
size and speed of fan (paddle-wheel type), and what power of 
engine will be required for forced draft? What will be the re- 
quirements for induced draft? 

2,600X230 
Volume of air per minute = r^ = 9,967 cubic feet. 

Assuming it to be 10,000, and referring to Table LIX., we find 
this calls for a 4-foot fan at 440 r. p. m., and requires 5.4 H. P., 
which increased 10 per cent is 6 II. P. If the same fan were used 
for an induced draft of the same intensity, the air volume would 
drop to 10,000X0.7 = 7,000 cubic feet per minute, hence, we 
must look for a volume of approximately 10,000 -r- 0.7 = 14,300 
cubic feet in selecting a size of fan for economical operation. 
This corresponds most nearly with a 5- foot fan (Table LIX.), 
which, under the conditions of induced draft, will draw into the 
ash-pit 15,200X0.7 = 10,640 cubic feet of air per minute, at a 
speed of 350X1.4 = 490 r. p. m, and requires 8.2X1.4X1.10 = 
12.6 H. P. This gives a slightly larger capacity than is necessary, 
which may easily be cared for by reducing the speed of fan. 

The data given in Tables LIX. and LX. will be found useful 
for determining the size of fan required when laying out a boiler 
plant, but it is usually best to have the speed and power fixed by 
the makers of the particular type of fan to be used. 

• 
Boiler Furnaces. 

239. Special Requirements. — The furnace is an important de- 
tail of a boiler plant and should receive careful attention in order 
to adapt it to the kind of fuel to be burned. Many of the furnaces 
used in power work are either patented or employ special de- 
vices in their construction, hence it is impossible, in the available 
space, to treat of this subject except in the briefest manner. The 
object sought in all furnace design is the nearest possible approach 
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to perfect combustion without too expensive equipment. What- 
ever the type of furnace or grade of fuel there should be pro- 
vision for an ample supply of air and sufficient space for mixing 
it with the gases of combustion. Bituminous coal requires more 
space for this purpose than anthracite owing to the greater amount 
of volatile matter which it contains. 

The subject of smokeless combustion is fully treated in a num- 
ber of standard books and has also been considered in numer- 
ous magazine articles during the past two or three years. The 
reader is therefore referred to these for detailed information re- 
garding the most approved methods to be employed in the de- 
sign of a furnace for any given set of conditions. In the case of 
water-tube boilers the type of furnace is often recommended by 
the makers, and detail drawings will usually be furnished upon 
request. 
240. Grates. — The required grate area is given by the formula 
^ _ H. P.X34.5 
^"" CXE 
in which 

G = grate area, in square feet. 
H. P. = horse power of boiler. 

C = rate of combustion, (from Table LIV.). 
E = rate of evaporation, (from Table LV.). 

H. P.Vf^ 
Another formula is G = r^ 

in which 

W^ = pounds of coal per horse power per hour, (from 

Table LVL), the other factors being the same as 

above. 
Both stationary and shaking grates are employed in this class 
of work, although the former are confined principally to plants 
of small size. The principal disadvantages of stationary grates 
are the difficulty experienced in cleaning, especially with coal that 
clinkers badly, and the necessity of opening the furnace doors at 
this time which tends to check the fire and reduce the steam 
pressure. The size of a grate of this type is also limited be- 
cause it is not possible to clean the rear portion properly by hand 
if over 6 feet in length when burning bituminous coal. Shaking 
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grates, on the other hand, may be cleaned without opening the 
furnace doors, and also require less time and manual labor, all 
of which is in the line of economy and more efficient operation. 
Hand-fired furnaces require more skill on the part of the fire- 
man and are more likely to produce smoke on account of inter- 
mittent firing and the larger quantity of fuel introduced at one 
time. 



SMOKE 
PIPE 




Fiff. 99. FnniAce for Return Tabular Boiler. 

241. Form of Furnace. — The usual arrangement of furnace 
and combustion chamber for a return tubular boiler is shown in 
Fig. 99. 

The height from grate to the under side of the shell should be 
from 24 to 30 inches for anthracite coal and from 36 to 48 inches 
for bituminous, depending upon the diameter of the boiler. An- 
other form of furnace designed for smokeless combustion is 
illustrated in Figs. 100 and 101. In this case the grate is divided 
into two parts by a wall as shown in Fig. 101. These two fire- 
boxes connect with a common combustion chamber by way of a 
brick arch at the rear of the bridge wall. The advantage of this 
arrangement is that alternate firing may be employed, thus al- 
ways having one bright fire and a continuous flow of hot gases 
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passing under an Incandescent arch for burning the freshly dis- 
tilled hydrocarbons from the new fire. This serves to illustrate 
the general principles involved in a considerable number of so- 
called smokeless furnaces. 

A typical furnace for burning small sizes of anthracite coal 
under a water-tube boiler is shown in Fig. 102. 

The Dutch oven furnace (Fig. 103) is a popular form for the 
burning of bituminous coal. The grate in this case is contained in 
a special chamber extending in front of the boiler, thus giving 
a large space directly beneath the tubes for burning the hydro- 
carbons as they are given off from the freshly fired coal. Various 




Fig. 100. Furnace Designed for Smokeleis Combustion. 

arrangements of baffle walls and arches serve to produce a thor- 
ough mixing of the air and gases of combustion. 

2Jt2, Mechanical Stokers, — These are generally employed in 
plants of 1,500 H. P. or over, and have also been found desirable 
in many cases where the boiler capacity did not exceed 200 or 
300 H. P. 

The grade of fuel to be used, cost of skilled labor, smoke regu- 
lations, etc., are factors which govern their use to a large extent. 
One efficient fireman can attend to about 200 H. P. of hand-fired 
boilers under average conditions, while with mechanical stokers 
and overhead coal bins, with chutes, he can easily care for a plant 
of 1,000 to 2,000 H. P., depending upon the grade of fuel and type 
of equipment. The chief advantages of this method over 
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hand firing are a uniform supply of coal without opening the feed 
doors, greater accuracy in proportioning the air supply to the 
fuel, self-cleaning grates, and lower cost of labor. 

Stokers are of two general classes, known as the "over-fed," 
and "under-fed." The first of these includes the inclined or step- 
grate stoker, one form of which is shown in Fig. 104. Stokers 
of this type are adapted to practically all the grades of fuel com- 
monly used in the East, and in general, may be operated in con- 
nection with a natural 
draft if desired, although 
some make use of a steam 
jet under heavy loads. 

The chain grate stoker 
(Fig. 105), is widely used 
in the West, and in other 
localities for burning the 
smaller sizes of bituminous 
coal. 

Under-fed stokers, as the 
name implies, supply the 
fuel from below, thus con- 
ducting the volatile gases 



^p|^; through the incandescent 




mmm 



Fig. 101. 



TransTene Section through Boiler 
Shown in Fig. 100. 



fuel bed, where they are 
raised to a high tempera- 
ture before mixing with 
the air in the furnace. 
Stokers of this type require a forced draft and are able to handle 
heavy overloads with but little if any smoke. They may be used 
for all kinds of bituminous coal, and owing to the fact that forced 
draft is employed, are especially adapted to the burning of the 
cheaper grades. 

An under-fed stoker of the gravity type is shown in Fig. 106, 
and is sufficiently explained by the notes on the drawing. 

The method of installing this stoker in connection with a water- 
tube boiler is illustrated in Fig. 107. In general, an efficient stoker 
should be simple in construction, in order to reduce the danger 
of a breakdown to a minimum. While automatic to a consider- 
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able extent, they, like all other mechanical devices, require a 
certain amount of care and adjustment to obtain the best results. 
The steam required for maintaining a forced draft and operating 
a mechanical stoker will vary from 2 to 5 per cent of that gen- 
erated by the boiler, depending upon the conditions of operation. 

Special Equipment 

Under this heading may be included superheaters and econ- 
omizers, both of which are used to some extent in isolated plants. 




Fig. 102. Furnace for Bumiiis Anthracite Coal Under a Water-Tube Boiler. 



Superheaters, — These are of two general types, the sep- 
arately fired, and that contained in the regular boiler setting, 
known as the indirectly fired. While the former has certain ad- 
vantages in the way of independent regulation, the indirect type 
IS more frequently used in isolated plants owing to its lower cost 
and greater compactness, the latter being a matter of consider- 
able importance in basement plants. Fig. 108 shows a typical 
form of superheater, placed in the smoke passage above the boiler, 
and also illustrates a common arrangement for a system of in- 
duced draft. 
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The required amount of superheating surface depends upon 
various conditions, among which the more important are the 
location in relation to the furnace, the velocity of both the hot 
gases and steam, and also the degree of superheat required. For 
average conditions, with steam at 160 to 170 pounds gauge pres- 
sure, and 100 to 150 degrees superheat, the following amount of 
surface will be required per horse power. 



Table LXI. 

Superheating Sukpace. 

Square feet 
Location of of surface 

superheating surface. per boiler 

horse power. 

In the furnace 0.20 to 0.25 

At the end of the first pass 2 "3 

At the end of the heating surface 3 ** 4 




Fig. 103. Dutch Oven Furnace. 

The gain in economy by the use of superheated steam is con- 
sidered in the following chapter. 

2H. Economizers, — ^While an economizer is usually considered 
as forming a part of the feed-water equipment it is in reality an 
extension of the boiler, being made up of auxiliary heating sur- 
face so arranged as to extract heat from the waste gases which 
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would Otherwise pass to the chimney. It is not adapted to the 
generation of steam, but serves to heat the water to a compara- 
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Fig. 106. Chain Gnte Stolier. 

tively high temperature, thus relieving the heating surface of the 
boiler and making available a greater capacity for evaporation. 
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In isolated plant work economizers are more frequently used 
in factories and the power houses of institutions than in the 
basement plants of city buildings, although special designs of 
compact form are made for this particular class of work. Typical 
economizer installations are shown in Figs. 108 and 121. 

Economizers may be employed for increasing the capacity of 
boilers already installed or for purposes of fuel economy by 
utilizing the heat from the waste gases of combustion. They also 
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Pig. 106. Gravity Under-Fed Stoker. 



add to the life of the boilers by furnishing feed water at a high 
temperature and provide a large storage of hot water for offset- 
ting to some extent sudden calls for steam. 

Where space is limited it is usually more economical, in case of 
a new plant, to place the entire heating surface within the boilers, 
on account of its greater efficiency and the smaller amount re- 
quired. When there is ample exhaust steam for heating the feed 
water the only advantage in using an economizer is in the higher 
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feed temperature obtainable, and this may be offset by the cost 
of installation and operation. 

A series of tests in which the average temperature of the gases 
entering the economizer was 504 degrees, and the total rise in 
water temperature 117 degrees, showed an average saving in fuel 
of 13.4 per cent. Another series of tests with an average rise in 
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Fig. 107. Under-Fed Stoker Installed Under a Water-Tube Bofler. 

feed temperature of 140 degrees showed a saving in fuel of 13.8 
per cent. The average results of the two series give an increase in 
economy of 1 per cent for each 9.4 degrees rise in feed tempera- 
ture, which corresponds well with ordinary practice, although 
better results may be obtained in special cases. Under average 
conditions the reduction in flue gas temperature will run from 
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220 to 260 degrees, and the rise in feed temperature will be about 
one-half that. 

In order to determine the advisibility of installing an econo- 
mizer in any given case the question of space should be con- 
sidered, also the quantity and use of exhaust steam and the tem- 




Flg. 106. DUcnun Showing Superheater and Economizer in a Typical Plant 

perature of the return water or condensation coming back from 
the heating system. The higher the temperature of the return 
the less will be the gain by the use of an economizer. By means 
of the above data the approximate saving in fuel may be com- 
puted, and by comparing this with the cost of operating an econ- 
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omizer, including interest, taxes, repairs, depreciation, etc., the 
net results may be easily determined. 

The amount of surface required will vary according to local 
conditions but commonly runs from 4 to 5 square feet per boiler 
horse power. The necessary space and best arrangement in any 
given case may be obtianed from the manufacturers. 



Boiler Settings. 

Settings for Water-Tube Boilers. — Water-tube boilers are 
usually installed by the makers or their selling agents ; otherwise, 
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Flf. 109. Settinc (or a Return Tubular Boiler. 



detail drawings are furnished for both foundations and settings. 
Boilers of this type vary so widely in their form and construc- 
tion that no general method of setting can be followed. 

2Jf6, Settings for Fire-Tube Boilers. — Settings for return tubu- 
lar boilers are more uniform and have been considered in detail 
in a previous volume. Drawings may be obtained from the manu- 
facturers or from any reliable boiler inspection and insurance 
company. 
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Two Standard forms of settings for boilers of this type are 
shown in Figs. 99 and 109. The foundation is usually of con- 
crete, while the setting itself should be of hand-burned brick. 
The furnace, bridge wall and combustion chamber are lined with 
fire-brick. 

The older form of setting, in which the boiler is supported by 
brackets resting upon the side walls, is shown in Fig. 99. The 
principal objection to this is the liability of cracks forming in 
the setting due to the expansion and contraction of the shell. A 
better arrangement for power work is to suspend the boiler from 
overhead girders supported by columns, thus taking the entire 




Fig. 1 10. Simiite Amngement for the Stonge of Coal. 

weight from the setting, (Fig. 109). Sometimes a combination 
is used, the front of the boiler resting upon brackets while the 
rear portion is supported by lugs and hangers. 

With the arrangement shown in Fig. 99 the outer walls are 
usually made 30 inches in thickness, consisting of a 16-inch inner 
wall, a 2-inch air space, and a 12-inch outer wall, the latter some- 
times being reduced to 8 inches in case of the smaller sizes. 
When the boilers are suspended, lighter walls may be used as 
they carry only their own weight. 

Two 8-inch walls, with a 2-inch air space between, pves suf- 
ficient thickness for boilers up to 54 inches in diameter. For 
larger sizes the inner wall should be increased to 12 inches. 
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Fie. III. Co«l Bunker in Sttb-Basement. 
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Pic. 1 12. C<wl Banker wiCh Chnte to Stoker. 
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The Storage and Handling of CoaL 

247. Arrangements in City Buildings. — The storage and hand- 
ling of coal and the removal of ashes are important matters in 
the design of any steam plant. In city buildings conditions vary 
so widely that no uniform method can be followed in detail. 
One of the simplest methods, where the boiler room is only one 
story below the street level, is shown in Fig. 110. The coal in this 
case is brought in wagons or trucks and dumped through scuttles 




Pig. 1 13. Overhead Co«l Bin with Elevator. 

in the sidewalk into bins below, from which it is shoveled into 
cars and delivered in front of the boilers, or fired directly from 
the cars. 

When the boilers are located in a sub-basement, the arrange- 
ment shown in Fig. Ill may be used, thus doing away 
with one handling. Here the bins are elevated sufficiently to al- 
low of the coal being delivered to the cars or barrows by gravity, 
and in some cases conditions are such that the chutes may be 
made to discharge directly in front of the furnaces, as in Fig. 112. 
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2Jlt8. Coal and Ash Conveyors. — In the power plants of fac- 
tories and institutions, where more space is available, conveyors 
and overhead bins are often provided. 

A simple lay-out for a plant of this kind is shown in Fig. 113. 
In this case the coal is delivered as in Fig. 110, but into a boot 
or hopper connected with a bucket conveyor which discharges 



DRIVING SPROCKET 




Fi(. 1 14. Detail of Coid ElerAtor. 

it into overhead bins from which it may be fed into the stoker 
hoppers or dumped in piles in front of the furnaces as desired. 
The general form of the buckets and the pulley arrangement 
are shown in diagram in Fig. 114. Conveyors of this type are 
usually driven by an electric motor (not shown in the cut), located 
at the top and geared to the sprocket near the delivery chute as in- 
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dicated. Each boiler is commonly provided with a separate bin 
with sloping sides and the conveyor furnished with a tripping 
device which delivers the coal into each in turn as may be de- 
sired. Equipment of this kind may also be adapted to do 
a part of the work, at least, in city buildings where the boiler 
plants are of large size. More elaborate outfits are shown in 

Figs. 115 and 116. Here the 
coal is dumped directly from the 
cars into crushers, from which it 
is carried by means of conveyors 
to overhead bins as indicated. 
These cuts show how a conveyor 
iKrx ^^y ^^^^ ^^ utilized for the 
iSv handling of ashes as well as coal. 
Spouts are run from 
the ash-pits either di- 
rectly to the conveyor 
or arranged to dis- 
charge into cars, the 
contents of which are 
easily dumped into 
the conveyor buckets 
and carried to an overhead bin. From here the ashes are de- 
livered into cars or wagons through a special chute as shown. 

"Vacuum" ash-conveyors are employed in some plants, the 
equipment being similar to that used in wood-working mills for 
the removal of shavings and saw-dust. The ashes are usually 
raked by hand from the ash-pits into floor openings connecting 
with the suction pipe and discharged into specially constructed 
bins. In other cases branch suction pipes connect directly with 
the ash-hoppers beneath the boilers. These cuts illustrate only 
a few of the methods employed, and the reader is recommended 
to examine catalogues relating to this kind of equipment for 
more detailed information upon the subject. 

249. Storage Capacity, — The storage capacity for coal in city 
buildings is usually limited to a three or four days' supply and 
even in the case of factories and institutions it is commonly nec- 
essary to provide outside storage bunkers from which the coal 
may be easily conveyed to the power house. 



1 16. Coal Coareyor and Stonge Bins for Large 
Plant 
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In designing coal bunkers, from 40 to 45 cubic feet of storage 
space per ton should be allowed for bituminous coal and about 35 
cubic feet for anthracite. 

Ventilation of Boiler and Engine Rooms. 

250, Buildings With Monitor Roofs, — The ventilation of an 
isolated power house with monitor roof and outside windows is 
a comparatively simple matter and may be accomplished by pro- 
viding swing sashes, so arranged as to produce an upward move- 
ment of air from the lower windows through the monitor. Ven- 



^^ 




Fi(. 1 1 6. Typical Laj'-Out for the Medumical Handling of Coal and Aahes. 

tilators or other roof openings should never be placed over engines 
or generators owing to the danger of leakage. Sufficient circula- 
tion of air can easily be obtained through swing sashes located 
on opposite sides of the engine room. 

251, Sub-Basement Rooms. — When the plant is located in the 
sub-basement of a city building special equipment must be pro- 
vided for supplying fresh cool air and for removing the heated 
air from both boiler and engine rooms. 

Cool air can only be supplied by means of a special fan and 
should be delivered through down-takes in front of the boilers at 
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a height of 7 or 8 feet from the floor. Care should be taken to 
direct the currents of entering air in such a manner as not to blow 
directly upon those working below. The hot air may usually 
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Fig 117. Back to Back Anancement of 
Engines. 



Bonera and 



be removed through a vent shaft leading to the top of the build- 
ing, the height of the flue and the high temperature of the air 
producing sufficient draft in most cases without the use of fans. 
Engine rooms may be treated in practically the same manner. 




Fig. 1 1 8. Ttansrene Section through Arrangement in Fig. 1 1 7. 

The air volume will depend somewhat upon local conditions, 
but should, in general, amount to 10 or 12 changes per hour. 
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When the power plant is located directly below occupied rooms 
ample insulation should be provided at the ceiling of the en- 
gine and boiler rooms. Sometimes a space 18 to 24 inches in 
depth is tonstructed and the air for one or more of the ventilating 
fans drawn through it, thus utilizing the waste heat. This, how- 
ever, can only be done in 
the winter when heat is 
needed and other means 
must be provided for sum- 
mer use. 

Plant Arrangement 
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General Considera- 
tions. — ^The general ar- 
rangement of the power 
equipment will depend 
largely upon local con- 
ditions. In the case of an 
independent or isolated 
power house certain stand- 
ard arrangements of boilers 
and engines may often be 
employed, either wholly or 
in part. In basement 
plants, however, the avail- 
able space varies so greatly 
in form and amount that 
no general system can be followed and each individual case must 
be worked out according to the special conditions involved. 

253, Typical Arrangements. — When there is sufficient leeway 
a modification of either the "back-to-back" or "end-to-end" sys- 
tem is commonly employed. The first of these, shown in diagram 
in Fig. 117, is the more compact, and therefore preferable under 
ordinary conditions. When possible the engine room floor should 
be at a higher elevation, as shown in Figs. 118 and 121, in order 
to provide space for condensing apparatus and exhaust piping. 
The "end-to-end" system is illustrated in Fig. 119. 



Fig. 1 19. End to End Arrangement of Bofler and 
Engine Rooms. 
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In both cases all of the boilers are fired from a single aisle, 
which is a desirable feature. A section through a typical boiler 
room of large size, is shown in Fig. 120, and illustrates the gen- 
eral arrangement of the more important parts of the equipment. 




Fig. 120. Section through a Boiler Room of Large Size. 

Fig. 121 shows a similar plant, including the engine room and 
condenser equipment. These illustrations give only a few sug- 
gestions for the design of new plants and should be supple- 
mented by a study of descriptive articles in late issues of the 
standard engineering magazines and by an inspection of recent 
installations similar to the one under consideration. 



Digitized by 



Google 



THE BOILER PLANT 



223 




I 

a 






I 



Digitized by 



Google 



CHAPTER VII. 
STEAM ENGINES AND TURBINES. 

Selection of an Engine. 

254, Points to Be Considered. — In selecting a type of engine 
for a given plant the matter of economy should be considered 
from different standpoints. 

First the importance of a low water-rate should be taken into 
account. If the engine is for a plant where all, or a large propor- 
tion of the exhaust steam can be utilized for heating, or in manu- 
facturing processes, there is evidently no advantage in adding to 
the fixed charges by installing a high priced machine for the 
sake of steam economy. On the other hand, if a considerable 
quantity of exhaust is wasted at different seasons of the year, 
a higher priced engine may prove more economical, the amount 
of saving increasing with th^ proportion of exhaust discharged 
outboard. In this connection a study should be made of the 
length of time during which the supply and demand for exhaust 
steam overlap each other. In other words, the amount of ex- 
haust which may be utilized is the important point, rather than 
the amounts supplied and required when considered separately. 

Problems relating to the practical application of the above are 
worked out in detail in Chapters X. and XII. 

Other matters to be considered in the selection of an engine 
are available space, simplicity of construction, amount of power 
required and the purpose for which it is to be used. 

Types of Engines. 

255. Those Adapted to Isolated Plants. — ^The types of engines 
commonly employed in isolated plants may be included under the 
general heads of high and medium speed, with the addition of 
low-speed engines in the case of manufacturing plants. These 
general types are sub-divided into single and multi-valve engines, 
simple, compound, condensing and non-condensing, according 
to their design and the conditions under which they are operated. 

224 
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Fie* 122. Sacdoii throucfa a Singie-Valye High-Speed Engine. 



£66. Simple High-Speed Engines, — These are of two general 
forms, the single-valve and the multi-valve. The first of these, 
shown in Fig. 12^, is commonly employed for sizes up to about 
200 I. H. P. where floor space is limited, and especially when 
steam economy is not of the first importance. Engines of this 
type and size are seldom operated con- 
densing because any gain in economy is .-£"^. 
usually offset by the cost of the ^ l^«»l 

condensing equipment. The speed de- 
pends upon the size, running 
from about 
200 to 300 
r. p. m. un- 
der average 
conditions. 
The steam 
consumption 
with non- 
condensing 

engines of this type will average from 30 to 32 pounds per 
I. H. P. per hour with the form commonly employed for driving 
electric generators. 

Small slide-valve engines used in connection with fans, laundry 
work, etc., often require from 40 to 50 pounds of steam per I. H. 
P. The principal defects of the single-valve engine are the small 
economical load range and the large clearance. These are both 
overcome, to a considerable extent, in the multi- valve engine (see 
Fig. 123), which results in lowering the steam consumption to an 
average of 28 to 30 pounds per I. H. P. In general, four valves 
give a better economy than a less number as the different events of 
the stroke are entirely independent and a much better adjustment 
is possible. 

The principal disadvantages are the increased cost, the greater 
number of parts, and the more careful attention required. En- 
gines of this type are built in sizes up to about 1,000 I. H. P. 

£57, Simple Medium-Speed Engines. — Between the high and 
low-speed multi-valve engines are those of medium speed, running 
from 100 to 175 r. p. m. They are equipped with non-releasing 
valves, commonly of the Corliss type, and have an average steam 
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consumption of 26 to 28 pounds per I. H. P. per hour. Medium- 
speed engines are built in sizes up to 1,500 I. H. P. or more and 
are especially adapted to isolated plants when greater steam econ- 
omy is desired or when high-speed engines are likely to produce 
vibration. 

258, Simple Low-Speed Engine. — This type of engine is con- 
fined almost exclusively to manufacturing plants on account of the 
floor space required, and is built in sizes up to about 3,000 I. H. 
P. When equipped with a releasing gear the speed is limited to 
about 100 r. p. m. in the smaller sizes and to 75 r. p. m. in larger 
ones. 

Owing to the small clearance space and the sharp cut-off pos- 
sible with this form of valve a steam economy of 24 to 26 pounds 
is easily obtained with machines of medium size. 




Fig 123. Section through a Four-Valve Engine. 

259. Compound Engines. — When the conditions are such that 
a high steam economy is required, compound engines may be used. 
These are of the same general type as the simple engines above de- 
scribed, with the exception that expansion takes place in two 
cylinders instead of one, thus reducing the temperature range in a 
single cylinder and so diminishing condensation. 

The types most commonly employed in isolated-plattt»,-where 
floor space is limited, are the tandem and angle engines, shown in 
Figs. 124 and 125 respectively. 

Cross-compound engines, which are made up of two complete 
machines, except for the main shaft and fly-wheel, are confined 
largely to central plants on account of the floor space required. 
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It has been stated that the gain in economy by compounding is 
due to a reduction in cylinder condensation. While this is the im- 
mediate effect, the principal gain comes from the ability to use 
higher initial pressures and larger ratios of expansion without ex- 
cessive losses from condensation. Under 
suitable conditions a saving of 15 to 20 per 
cent at full load may be made by compound- 
ing in case of a non-condensing engine and 
25 to 30 per cent when condensing. 

The disadvantages of a compound engine 
are the higher first cost, greater number of 
parts to care for, increased space, and 
greater radiation losses. 

The best ratio between the volumes of the 
high and low-pressure cylinders aviII depend 
somewhat upon the speed and initial steam 
pressure. In the case of high- 
speed single valve engines with 
steam pres- 
sures of 100 
to 150 pounds 
the volume of 
the low-pres- 
sure cylinder 
is commonly made 
from .21/^ to »? times 
that of the high-pres- 
sure cylinder, while 

with low-speed condensing engines with steam pressures of 125 
to 175 pounds, the ratio commonly runs from 3 to 4. 

Compound engines are especially adapted to cases where only a 
comparatively small part of the exhaust can be utilized or where 
the non-heating season extends through a considerable portion of 
the year. 

Steam Engine Economy. 




Fig. I2B. Section through an Angle Compound Engine. 



Steam Tables. — As problems in steam engine economy re- 
quire frequent reference to steam tables, the following has been 
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abridged from more complete tables for use in connection with 
the various examples which appear later in the text. 

Table LXII. 
The Psoferties op Saturated Steam. 

(Baaed on Marks and Davia Steam Tables and Diagrams, by permission. Copyright 1009 by 
Longmans, Green ft Company.) 



Pressure 
in pounds 


Temperature, 


Heat in the 


Latent heat 


Total heat 


Weight of a 


Volume of a 


per 


in 


liquid above 


of 


of 


cubic foot of 


pound of 


•?„"?£? 


degrees 
Fahr. 


32 degrees. 




evaporation. 


steam, in 
pounds. 


steam, in 
cubic fecL 


Absolute 














I>res8ure 


101.8 


60.8 


1034.6 


1104.4 


0.0030 


333.0 


2 


126.2 


94.0 


1021.0 


1115.0 


0.0058 


173.5 


3 


141.5 


109.4 


1012.3 


1121.6 


0.0085 


118.5 


4 


153.0 


120.9 


1005.7 


1126.5 


0.0111 


00.5 


5 


162.3 


130.1 


1000.3 


1130.5 


0.0136 


73.33 


6 


170.1 


137.9 


995.8 


1133.7 


0.0162 


61.80 


7 


176.9 


144.7 


991.8 


1136.5 


0.0187 


53.56 


8 


182.9 


150.8 


988.2 


1139.0 


0.0212 


47.27 


9 


188.3 


156.2 


985.0 


1141.1 


0.0236 


42.36 


10 


193.2 


161.1 


982.0 


1143.1 


0.0261 


38.38 


11 


197.8 


165.7 


979.2 


1144.9 


0.0285 


35.10 


12 


202.0 


160.9 


976.6 


1146.5 


0.0300 


32.36 


13 


205.9 


173.8 


974.2 


1148.0 


0.0333 


30.03 


14 


209.6 


177.5 


971.9 


1149.4 


0.0357 


28.02 


Gauge 

pressure 
















212.0 


180.0 


970.4 


1150.4 


0.0373 


26.70 


1 


216.3 


184.4 


967.6 


1152.0 


0.0404 


24.70 


2 


219.4 


187.5 


965.6 


1153.1 


0.0428 


23.38 


3 


222.4 


190.5 


963.7 


1154.2 


0.0451 


22.16 


4 


225.2 


193.4 


961.8 


1155.2 


0.0475 


21.07 


6 


228.0 


196.1 


960.0 


1156.2 


0.0408 


20.08 


6 


230.6 


198.8 


958.3 


1157.1 


0.0521 


10.18 


7 


233.1 


201.3 


956.7 


1158.0 


0.0545 


18.37 


8 


235.5 


203.8 


955.1 


1158.8 


0.0568 


17.62 


9 


237.8 


206.1 


953.5 


1159.6 


0.0501 


16.03 


10 


240.1 


208.4 


952.0 


1160.4 


0.0614 


16.30 


15 


250.3 


218.8 


945.1 


1163.9 


0.0728 


13.74 


20 


259.3 


227.9 


938.9 


1166.8 


0.0841 


11.80 


25 


267.3 


236.1 


933.3 


1169.4 


0.0053 


10.40 


30 


274.6 


243.4 


928.2 


1171.6 


0.1065 


0.30 


85 


281.0 


250.1 


923.5 


1173.6 


0.1175 


8.51 


40 


287.1 


256.3 


919.0 


1175.4 


0.1285 


7.78 


45 


292.7 


262.1 


914.9 


1177.0 


0.1304 


7.17 


50 


298.0 


267.5 


911.0 


1178.5 


0.1503 


6.66 


55 


302.9 


272.6 


007.2 


1179.8 


0.1612 


6.20 


60 


307.6 


277.4 


003.7 


1181.1 


0.1721 


6.81 


65 


312.0 


282.0 


000.3 


1182.3 


0.1820 


6.47 


70 


316.3 


286.3 


807.1 


1183.4 


0.1037 


6.16 


75 


320.3 


290.5 


803.0 


1184.4 


0.2044 


4.80 


80 


324.1 


294.5 


800.0 


1186.4 


0.2161 


4.65 


85 


327.8 


298.3 


888.0 


1186.3 


0.2258 


4.43 


90 


331.4 


302.0 


885.2 


1187.2 


0.2366 


4.23 


95 


334.8 


305.5 


882.5 


1188.0 


0.2472 


4.05 


100 


338.1 


309.0 


870.8 


1188.8 


0.2677 


3.88 


110 


344.4 


315.5 


874.7 


1100.3 


0.2701 


3.58 


120 


350.3 


321.7 


860.0 


1101.6 


0.3002 


3.33 


130 


355.8 


327.4 


865.4 


1102.8 


0.3213 


3.11 


140 


361.0 


332.9 


861.0 


1104.0 


0.3425 


2.02 


150 


366.0 


338.2 


856.8 


1105.0 


0.3633 


2.76 


160 


370.8 


343.2 


852.7 


1105.0 


0.3843 


2.60 


170 


375.4 


348.0 


848.8 


1106.8 


0.4052 


2.47 


180 


379.8 


352.7 


845.0 


1107.7 


0.4262 


2.35 


190 


384.0 


357.1 


841.4 


1108.5 


0.4470 


2.24 


200 


388.0 


361.4 


837.9 


1100.2 


0.4680 


2.14 



NoTB — Gauge pressures were obtained by subtracting 16 from the corresponding absolute 
pressures in the original table, which gives results sufficiently accurate for the problems solved 
m the present volume. 
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261, Thermal Efficiency, — The thermal efficiency of an engine 
or turbine is the ratio of the heat converted into useful work 
to that supplied, measured above the heat of the liquid at exhaust 
pressure. This is equal to 

2,546 
W {H — q) 
in which 

2,546 = the heat equivalent of 1 horse power, in B. T. U. 
per hour. 
W = pounds of steam required per developed horse- 
power (D. H. P.), per hour. 
H = heat in 1 pound of steam at initial pressure = 
(latent heatXquality of steam) -j-heat in liquid. 
q = heat in liquid at exhaust pressure. 

Example, — ^What is the thermal efficiency of an engine operat- 
ing under the following conditions ? 

Initial steam pressure 120 pounds guage. 

Quality of steam 98 per cent. 

Exhaust pressure 1 pound guage. 

Pounds of steam per D. H. P. per hour 30. 

From Table LXII. we have 

Latent heat at 120 pounds pressure 870 B. T. U. 

Heat in liquid at 120 pounds pressure 322 B. T. U. 

Heat in liquid at 1 oound pressure 184 B. T. U. 

Hence, 

H = (870X0.98) +322 = 1,175 B. T. U. 

Substituting the above values in the formula gives a thermal ef- 
ficiency of 

30(1.55-184) = «•««« ^'^ «-^ P^'- ""*• 
When W is given in pounds of steam per kilowatt-hour the 
formula becomes 

3,413 
W (H—q) 
In case of superheated steam the value of H may be taken di- 
rectly from a table giving the properties of superheated steam or 
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computed from the total heat of dry saturated steam at the same 
pressure, by means of the specific heat for the given conditions. 

Table LXIII. gives the mean specific heat of superheated steam 
for different pressures and degrees of superheat. 

Table LXIII. 
Mean Specific Heat of Superheated Steam. 



Gauge 


Mean specific beat of superheated steam for different degrees of superheat. 


pressure. 


50 degrees. 


70 degrees. 


100 degrees. 


130 degrees. 


160 degrees. 


200 degrees. 


60 


0.528 


0.523 


0.517 


0.612 


0.607 


0.604 


85 


0.650 


0.542 


0.534 


0.526 


0.520 


0.515 


110 


0.570 


0.560 


0.548 


0.639 


0.533 


0.524 


136 


0.592 


0.579 


0.562 


0.550 


0.541 


0.633 


160 


0.614 


0.597 


0.677 


0.662 


0.561 


0.541 


185 


0.634 


0.614 


0.690 


0.672 


0.659 


0.648 


210 


0.656 


0.631 


0.603 


0.583 


0.567 


0.553 



Example. — What is the value of H for steam at 160 pounds 
gauge pressure with 130 degrees superheat? 

The total heat in 1 pound of dry saturated steam at 160 pounds 
pressure is 1,196 B. T. U. (from Table LXIL), therefore, the 
total heat, or value of H, for the superheated steam is 1,196+ (130 
X0.562) = 1,269 B. T. U. 

262, Mechanical Efficiency. — The ratio of the developed or 
brake horse power (D. H. P.), to the indicated horse power 
(I. H. P.) of an engine is called the mechanical efficiency, and is 

.1. .. r . D. H. P. 
expressed by the fraction ^j p 

The difference between these two quantities represents the power 
consumed in friction and commonly varies from 5 to 20 per cent of 
the I. H. P. With the machines employed in isolated plants it 
usually varies from 5 to 15 per cent, depending upon the type of 
engine and adjustment of the bearings. 

WTiile the friction increases to some extent with the load, it is 
customary with good lubrication, to take the no-load friction when 
computing the mechanical efficiency. 

263. Water-Rate, — ^The operating economy of a steam engine 
is commonly given in pounds of steam per indicated horse power 
per hour, although in electrical work it is often expressed in 
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pounds of steam per kilowatt per hour. In the case of steam tur- 
bines it is given either in brake horse power or the output is ex- 
pressed in kilowatts, as the indicated horse power of a turbine 
cannot be obtained. When making a comparison of the water- 
rates of engines and turbines it is therefore necessary to reduce 
the results to a common basis. If the mechanical efficiency of 
an engine or class of engines is known the brake horse power may 
be found by the equation 

D. H. P. = I H. P.Xn^cchanical efficiency. 

Example. — The water-rate of an engine is 27 pounds of steam 
per I. H. P. per hour and the mechanical efficiency is 0.9, what 
is the water-rate per D. H. P. ? 

27 -T- 0.9 = 30 pounds. 

The kilowatt rating of a generating unit may be changed to a 
D. H. P. rating of the driving engine or turbine by the eauation : 

D.H.P.= iS!^<i:?i 

E 
in which 

E = efficiency of the generator, which may be taken from 
0.90 to 0.95, according to type and size. 

Example. — A compound condensing engine of 1,000 I. H. P. 
has a total steam consumption of 16,000 pounds per hour. How 
does it compare in economy with a turbine using a total of 28,000 
pounds of steam per hour attached to a 1,000 Kw. generator hav- 
ing an efficiency of 0.95 ? 

Assuming an efficiency of 0.9 for the engine, the D. H. P. 
is found to be 1,000X0.9 = 900; and the water-rate 16,000-4- 
900 = 17.8 pounds per D. H. P. Reducing the electrical output 
from the generating unit to D. H. P. furnished by the turbine, we 
have 

1,000X1.34: 



0.95 



-= 1,411 



which calls for 28,000-t-1,411 = 19.8 pounds of steam per D.H.P. 
per hour, from which a comparison of the steam economy of 
the two machines may be made. 
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The water-rate of an engine depends to a considerable extent 
upon the conditions under which it operates, and for accurate re- 
sults figures should be obtained from tests made upon the same 
type and size of machine working under practically the same con- 
ditions. In the absence of this data builders will usually guarantee 
a certain steam economy for the conditions given. 

Tables LXIV. and LXV. have been made up from figures al- 
ready given in the text, and while these water-rates are somewhat 
higher than are often secured with the best makes of engines 
operating under the most favorable conditions, they represent 
more nearly the results obtained in actual practice with engines of 
medium size. The steam consumption of a non-condensing com- 
pound engine per unit of power will range from 80 to 85 per cent 
of that of a simple engine of similar type and size, and from 70 
to 75 per cent in the case of a condensing engine. 

The economy of compound engines, as given in the following 
tables, is based upon these assumptions. 



Table LXIV. 
Water-Rate of Non-condensing Engines. 



Type of ensine. 


Pounds of steam per 

I. H. P. per hour at 

fullload. 




Simple. 


Compound. 


High-speed, ainsle-valve 

High-speed, four-valve 


30 
28 
26 
24 


25 
23 


Medium-speed, four-valve 

Slow-speed, four- valve 


21 

19 







Table LXV. 
Water-Rate op Condensing Engines. 



Type of engine. 


Pounds of steam per 

L H. P. per hour at 

fuUload. 




Simple. 


Compound. 


High-speed, single-valve 

High-speed, four-valve 


26 
24 
22 
20 


20 
18 


Medium-speed, four-valve 

Slow-speed, four-valve 


16 
14 







It should be remembered, however, that the quantities given in 
the tables are average values applying to classes of engines rather 
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than to individual machines. This is mentioned particularly be- 
cause the water-rates assumed in the problems which occur in 
the following chapters, will be found to vary slightly in some cases 
from those given in the tables, although dosely approximating 
them. 

26Jk, Effect of Load Variation on Water-Rate, — Engines of 
various types are designed to operate most economically at a given 
ratio of expansion. When working at constant speed and initial 
pressure, any reduction of load in case of an automatic engine 
is offset by shortening the cut-oif, thus increasing the expansion 
and temperature range, which results in lowering the steam 
economy through increased cylinder condensation and decreased 
mechanical efficiency. The simple high-speed engine does not 
fall off very much in economy down to one-half load, but be- 
yond that it drops rapidly. This effect is more marked in the 
case of a compound engine as will be noticed in Table LXVI. 
With condensing engines the effect of underloading is not quite so 
great, but for all approximate work the following table may be 
used for both non-condensing and condensing engines. The ef- 
fect of overloading is similar to that of underloading. In some 
cases the curve of economy is practically symmetrical for a con- 
siderable distance each side of the point of full load, while in 
others it varies somewhat. 

Table LXVI. 
Efpect op Load Vamation on Steam Econoicy of Non-condensino Engines. 



Type of engine. 


Ratio of steam consumption per 
LH.P. to that at full load for 




«load. 


H load. 


U. load. 


Simple, high-speed 


1.01 
1.03 
1.09 


1.07 
1.21 
1.32 


1 23 


Compound, high-speed 

Compound, slow-speed 


1.78 
1.88 



Example, — If the water-rate of a simple high-speed engine is 
30 pounds per I. H. P. per hour, at full load, what will It b^ at 
three-fourths, one-half and one- fourth load? 
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Solution : 

30X1.01 = 30.3 pounds at ^ load. 
30X1.07 = 32.1 pounds at i^ load. 
30X1.23 = 36.9 pounds at l^ load. 

The effect of load variation should always be taken into account 
when proportioning the size of units for a given plant and also 
when computing the cost of operation or available exhaust in 
problems involving heating and ventilation. 

265, Heat Consumption. — ^While the steam consumption is the 
most common measure of the economy of an engine or turbine it 
does not give a uniform basis for purposes of comparison owing 
to variations in the initial and back pressures and the percentage 
of moisture present. When an accurate result is required, the per- 
formance should be reduced to heat units per unit output, meas- 
ured above the maximum temperature df the exhaust. The 
method of making a comparison of this kind is best shown by a 
practical illustration. 

Example, — A simple high-speed engine supplied with steam at 
85 pounds gauge pressure, and 98 per cent quality, exhausts 
against a back pressure of 1 pound gauge. The water-rate under 
these conditions is 34 pounds per D. H. P. per hour. 

A compound condensing engine supplied with steam at 160 
pounds gauge pressure and 200 degrees superheat, requires 18 
pounds of steam per D. H. P. per hour. Condenser pressure 2 
pounds absolute. Compare the economy of the two engines upon 
the basis of heat consumption as well as steam consumption. 

Taking the first case, we find from Table LXII. that 

//= (888X0.98)-f.298 = 1,168 (see notation in Para- 
graph 261.) 
q = 184. 

Heat supplied per hour per D. H. P. = 34(1,168—184) = 
33,456 B. T. U. 

In the second case, we have (Tables LXII. and LXIII.), 

H = 1,196-f (200X0.541) == 1,304. 
9 = 94 

Heat supplied per hour per D. H. P. = 18(1,304—94) = 
21,780 B. T. U. 
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Comparing the economy of the engines by the two methods, we 
have 

34 

Ratio of steam consumption per D. H. P. = — = 1.89 

33,456 
Ratio of heat consumption per D. H. P.= = 1.54 

When based on the steam consumption the non-condensing en- 
gine requires 1.89 times the fuel per D. H. P. as the condensing 
engine, but on a heat basis, only 1.54 times. If the exhaust is 
thrown away in each case the comparison should be made on a 
steam basis, but if the heat in the exhaust can be utilized the lat- 
ter method gives the true measure of economy. 

266. Available Heat in Exhaust Steam. — ^The proportion of 
heat discharged in the exhaust varies with the type of engine and 
the conditions under which it operates. With the engines used in 
isolated plants it commonly runs from about 80 per cent of that 
supplied in the best types, up to 90 per cent in the poorer 
ones. In the absence of definite data it is customary to assume 
that from 80 to 85 per cent of the steam supplied to the engine 
is available for heating purposes at exhaust pressure. In the 
following problems the higher figure has been used. 

The remaining portion is condensed in the cylinder and passes 
out as spray. 

267. Effect of Condensing. — ^While the use of a condenser is 
limited in combined power and heating plants to summer use and 
special cases, it is well to consider the economical value of con- 
densing, especially in connection with manufacturing plants, 
where the cooling water can be secured from a nearby lake or 
river. 

As the effect of a condenser is to lower the back pressure on 
the engine it may evidently be used either to increase the power 
with a given steam consumption or to reduce the water-rate per 
unit of power delivered. When used for summer service, where 
the power requirements are practically the same throughout the 
year, steam economy is the object usually sought. 

The pressure within the condenser, or degree of vacuum, is 
commonly expressed in inches of mercury, referred to a barome- 
tric pressure of 30 inches. 
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For example, a 26-inch vacuum means an absolute pressure 
within the condenser of 30 — 26 = 4 inches of mercury or 4X0.5 
= 2 pounds per square inch. In like manner a 28-inch vacuum 
means a pressure of (30 — 28) X 0.5 = 1 pound per square inch. 
The factor of conversion for inches of mercury to pounds per 
square inch is actually 0.49 for mercury at a temperature of 60 
degrees, but 0.5 is sufficiently accurate for all ordinary work. 

The vacuum commonly maintained in average practice, with 
reciprocating engines, will run from 22 to 26 inches, depending 
upon various operating conditions. The lower figure corresponds 
to that obtained by the equipment usually employed with engines, 
under 100 H. P., and the higher for larger sizes. 

Turbines are commonly operated at 27 to 28 inches of vacuum 
in commercial plants while tests are often run with 29 inches. 

The gain in economy by the use of a condenser will depend 
upon the degree of vacuum maintained and the mean effective 
pressure of the engine when running non-condensing. This, un- 
der ordinary conditions, should theoretically, vary from 20 to 30 
per cent, but is found to be considerably less in actual practice. 

Table LXVII. is based upon a large number of tests on differ- 
ent types of engines and shows about what saving in steam per 
unit of power developed may be expected when operating under 
actual conditions. 

The water-rates in Table LXV. were computed from Table 
LXIV. by the use of ratios taken from Table LXVII. 

Table LXVII. 
Saving by Operating Condensing. 



Type of engine. 


Percentage of saving in 

steam by running 

condensing. 




Simple. 
per cent. 


Compound, 
per cent. 


High-Bpeed 


12 to 16 
15" 18 
18" 21 


15 to 18 


Medium-speed 


18" 21 


Slow-speed 


21 " 24 







268. Effect of Superheated Steam. — When steam economy is 
an essential feature a considerable saving may be made by the use 
of superheated steam. It has not been used in this country to any 
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great extent in reciprocating engines in the past owing to the dif- 
ficulty experienced in lubricating the cylinder and to the unequal 
expansion produced at such high temperatures. However, with 
more recent improvements in design and construction it is now 
possible to utilize the advantages of superheat to a considerable 
extent. 

Turbines, on the other hand, do not require lubrication in the 
steam chambers, as there are no rubbing surfaces, and are there- 
fore usually operated with superheated steam. 

In American practice the degree of superheat commonly em- 
ployed runs from 100 to a maximum of about 160 degrees, being 
limited to a total temperature of approximately 500 degrees for 
engines of ordinary construction. Beyond this point the expense 
of maintaining the superheat, increased cost of construction and 
repairs soon offset any gain in economy. 

In Europe a considerably higher degree of superheat is in com- 
mon use. 

The saving in steam consumption depends principally upon the 
reduction in cylinder condensation and varies with the operating 
conditions. Tests of a 250 horse power simple non-condensing 
engine show a saving of 20 per cent with 150 degrees of super- 
heat, and 25 per cent with 225 degrees. These results correspond 
to a saving of 1 per cent for each 7.5 degrees rise at the lower 
temperature and for each 9 degrees at the higher. 

A compound condensing engine of the same power shows sav- 
ings of 15 and 20 per cent for the same relative conditions, cor- 
responding to a gain in economy of 1 per cent for each 10 degrees 
rise at the lower temperature and for each 11.2 degrees at the 
higher. A comparison of these results indicates a falling off in 
effectiveness as the temperature increases, and a greater gain in 
case of the simple engine than with the compound, both of which 
are borne out in practice. 

The above figures simply show the reduction in water-rate 
without reference to the cost of superheating. The net gain in 
economy is usually somewhat less than one-half the apparent gain 
when water-rate only is considered. 

269, Initial Pressure, — Theoretically the efficiency of an engine 
increases with the temperature range. In actual practice this 
does not hold true because a point is reached where the cylinder 
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losses more than oif set any gain in steam economy. Furthermore, 
the cost of construction and maintenance increases rapidly at the 
higher pressures. 

Practical experience has fixed certain limits which are usually 
followed in the design and construction of different types of ma- 
chines. These are given in Table LXVIII. 

Table LXVIII. 
Initial Pressure Range for Reciprocating Engines. 

Initial pressure 
Type of engine. range, 

(pounds gauge). 

Simple high-speed 80 to 120 

Simple low-speed 70 " 110 

Compound high-speed 120 *' 160 

Compound low-speed 150 " 190 

270. Ratio of Expansion. — ^This, like the initial pressure, has 
been fixed by experience and may be taken as follows for differ- 
ent types of engines : 

Simple non-condensing 3 to 4 expansions. 

Simple condensing 4 to 5 expansions. 

Compound non-condensing 10 to 12 expansions. 

Compound condensing 14 to 18 expansions. 

The ratio of expansion in a compound engine is given by the 
formula 

R 
c 
in which 

R = ratio of volume of low-pressure cylinder to volume of 

high-pressure cylinder. 
c = point of cut-off in high-pressure cylinder. 

Power and Size of Engines. 

271. Computing Horse Power. — The power of an engine may 
be determined approximately by the formula 

I H p=.IML 
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in which 

I. H. P. = indicated horse power. 

P = mean effective pressure = [{pXf) — b] y^d 

p == absolute initial steam pressure. 

/ = factor from Table LXIX. for the given cut-off and 
clearance. 

b = absolute back pressure =16 to 17 pounds for non- 
condensing engines and 2 to 3 pounds for condens- 
ing. 

0.70 for simple high-speed engines. 
0.85 for simple medium-speed engines. 
0.90 for simple slow-speed engines. 
0.G5 for compound high-speed engines. 
0.80 for compound medium-speed engines. 
0.85 for compound slow-speed engines, 
ength of stroke, in feet. 

A = area of piston, in square inches. 

N = number of strokes per minute = r. p. m.X^. 



d = 



L = 



Table LXIX. 
Factors for M. E. P. under Different Conditions. 



Cut-oflf at 



0.1 



i 

or 
0.111 



or 
0.125 



or 
0.143 



or 
0.167 



or 
0.2 



i 

or 

0.25 



or 
0.333 



i 

or 
0.375 



0.4 



0.5 



n 
n 



0. 

1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 



0.330 
0.344 
0.357 
0.360 
0.381 
0.392 
0.403 
0.413 
0.423 
0.432 
0.441 
0.450 
0.458 
0.466 
0.474 
0.482 



355 



379 

391 

402 

413 

423 

433 

0.442 

0.451 

0.460 

0.469 

0.476 

0.483 

0.490 

0.497 



0.385 
0.397 
408 
419 
429 
439 
448 
457 
466 
474 
482 
490 
497 
504 
0.511 
0.518 



0.421 

0.432 

0.442 

0.452 

0.461 

470 

479 

487 

495 

0.503 

0.510 

0.517 

0.524 

0.531 

0.538 

0.544 



0.465 
0.475 
0.484 
0.493 
0.502 
0.510 
0.517 
0.524 
0.531 
0.538 
0.545 
0.552 
0.559 
0.565 
0.570 
0.574 



0.522 

0.530 

0.538 

0.545 

0.552 

0.559 

0.566 

.572 

.578 

.584 

.590 

.595 

0.600 

0.605 

0.610 

0.615 



0.596 
0.603 
0.609 
0.615 
0.621 
0.626 
0.631 
0.636 
0.641 
0.646 
0.651 
0.655 
0.659 
0.663 
0.667 
0.671 



0.699 
0.704 
0.708 
0.712 
0.716 
0.720 
0.724 
0.728 
0.731 
0.734 
0.737 
0.740 
0.743 
0.746 
0.749 
0.752 



0.743 
0.747 
0.750 
0.753 
0.756 
0.759 
0.762 
0.766 
0.768 
0.770 
0.772 
0.774 
0.776 
0.778 
0.780 
0.781 



0.766 
0.770 
0.773 
0.776 
0.779 
0.782 
0.786 
0.787 
0.789 
0.791 
0.793 
0.795 
0.797 
0.799 
0.801 
0.803 



0.846 
0.849 
0.851 
0.853 
0.855 
0.857 
0.859 
0.861 
0.862 
0.863 
0.864 
0.865 
0.866 
0.867 
0.868 
0.869 



When the clearance is not known, it may be taken as follows : 
High-speed engines, 15 per cent; medium-speed engines, 8 per 
cent; slow-speed engines, 5 per cent. These figures are rather 
higher than will be found in the best makes, but are on the side 
of safety. 
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Example. — What will be the approximate horse power of a 
simple high-speed non-condensing engine under the following con- 
ditions : 

Diameter of cylinder 14 inches 

Length of stroke 12 inches 

Clearance 15 per cent 

Initial steam pressure 100 pounds, gauge 

Back pressure 1 pound, gauge 

Cut-off X stroke 

R. p. m 250 

From the conditions of the problem we have 

P= [(115X0.671)— 16] XO.r = 43. 

L = l. 

A = 154. 

N = 500. 

Substituting these in the formula, and solving we have 

_ 43X1X154X500 _ 

^- "• ^- 33:000 ^^^ 

In the case of a compound engine the total ratio of expansion 

is determined by the method previously given, and the problem 

then treated as though it were a simple engine with cylinder 

dimensions corresponding to those of the low-pressure cylinder 

and a point of cut-off equal to the reciprocal of the total ratio 

of expansion. 

272, Engine Capacity. — Methods for determining the power of 
engine for driving electric generators, refrigerating machines, 
elevators, line shafting, etc., have been considered briefly in Chap- 
ter V. and the results given in Table XLIX. 

Steam Turbines. 

The principle of the steam turbine and details of construction 
are fully treated in other books and will not be taken up in the 
present volume. Special attention, however, will be given to its 
uses and selection, together with a certain amount of general 
data relating to economy and installation. 

273. Classification of Turbines. — Steam turbines are of three 
general types, known as the impulse, reaction, and combined im- 
pulse and reaction. All turbines, however, make use of both the 
impulse and reaction principles in varying degrees, and the real 
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distinction is the manner in which the steam is expanded, this 
being completed in the nozzles in the impulse turbine, while a 
portion takes place in the passages of the wheel in the reaction 
type. 

Impulse turbines are divided into simple and compound ma- 
chines, and these in turn into multiple-stage turbines. Sections 
through different types of machines are shown in Figs. 126 to 131 
inclusive. A simple turbine has a single wheel with a single set 




Fig. 126. Simple Impulse Turbine. 

of blades, while a compound turbine makes use of two or more 
wheels upon the same shaft with stationary blades between. This 
results in lowering the speed a definite amount, according to the 
number of wheels, which is an important feature in transmitting 
the power to other machinery. 

Multiple-stage turbines are made up of a series of machines 
attached to a common shaft, each group of wheels and guides be- 
ing enclosed in a separate chamber and so arranged that the ex- 
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haust from the first enters the nozzles of the second, and so on 
to the end of the series. 

The various features noted above are combined in practical 
form according to the service required and include the high-pres- 
sure, low-pressure, mixed-pressure and bleeder turbines. 

S7^. Use of Turbines in Isolated Plants, — ^The steam turbine 
is coming into general use in isolated plants for the driving of 
electric generators, pumps of various kinds, also blowers, air- 
compressors, etc. Machines employed for this purpose are of 
comparatively small size and are usually of the impulse type, al- 
though reaction turbines are often used for the generation of 




Fig. 127. Impolse Two-Stage Torbine. 

power in large manufacturing plants. The chief advantages of 
the turbine in this class of work are the small floor space re- 
quired ; less weight, doing away with the heavy foundations neces- 
sary for reciprocating engines, and the absence of vibration; all 
of which are important in the case of basement plants in large 
buildings. 

275. High-Pressure Turbine, — This is the standard type for 
power work in the small and medium sizes and may be operated 
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either non-condensing or condensing as desired. This machine 
is used under the same general conditions as a reciprocating en- 
gine of the same power and a choice between the two is often a 
matter of local convenience depending upon one or more of the 
items noted above. 

276. Low-Pressure Turbine. — This machine is used chiefly in 
central station work and large power plants and is designed to 
take the exhaust steam from a reciprocating engine and expand 
it down to a low pressure. It is placed between the engine and 
condenser and adds decidedly to the steam economy as com- 
pared with that of the engine and condenser operating alone. 



KOZZU 




Fig. 128. Compound Impolse Six-Stage Turbine. 

277. Mixed-Pressure Turbine. — This is employed under similar 
conditions to that described above, but in cases where the supply 
of exhaust is not constant or is insufficient to generate the power 
required of the turbine. The chief mechanical difference between 
the mixed-pressure and low-pressure turbine is an arrangement 
for automatically supplying high-pressure steam to the former 
when the exhaust falls below the normal requirements. Tur- 
bines of this type are usually designed to develop their full power 
on either high or low-pressure steam or a combination of the 
two in varying proportions. 
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278, Bleeder Turbine, — This type of machine is especially 
adapted to cases where it is desired to use large volumes of steam 
at a reduced pressure for heating or for manufacturing purposes. 
While similar in general construction to the high-pressure tur- 
bine it is so designed that steam may be drawn from an inter- 
mediate stage after having performed work in passing through 
the high-pressure stages. It may be set to deliver steam into the 
heating system at any desired pressure within its range and oper- 
ates automatically according to the volume of steam required. 

279. Turbine Compared With Engine, — Some of the advan- 
tages of the steam turbine as applied to isolated plants have al- 
ready been mentioned. Economy of space is always important in 
the case of office buildings and department stores, and the fact 
that the turbine is of comparatively light weight and produces 
no vibration makes it possible to carry it on a steel beam and con- 
crete construction in many cases, thus leaving a free space below 
for the accommodation of condensers and heavy piping. Among 
other advantages are simplicity of construction, which calls for 
minimum attention; absence of oil in the steam spaces, thus 
adapting it to the use of superheated steam and also making the 
exhaust suitable for heating purposes and the condensation avail- 
able for boiler feeding without purification; close speed regula- 
tion ; and high efficiency for a wide variation in load. 

Owing to its comparatively high speed it is not so well adapted 
to the driving of direct-current generators, air compressors, re- 
frigerating machines, etc., as the reciprocating engine, but for 
alternating-current generators, centrifugal pumps, blowers, or 
any other machine requiring a high speed the turbine is to be pre- 
ferred. In the matter of expense the turbine has the advantage 
over the reciprocating engine, both in cost of installation and 
maintenance. 

280, Thermal Efficiency, — The thermal efficiency of a turbine 
is computed in the same manner as for a reciprocating engine, 

using the expression r^ / /r _ n already given in Paragraph 261. 

281. Steam Economy, — For the sizes used in isolated plants 
there is very little difference in the steam economy of turbines 
and reciprocating engines of equal grade. In case of the larger 
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units, say above 1,500 or 2,000 kilowatts capacity, the turbine will 
be found more economical in the use of steam than the engine, 
but with those of small size the simple high-speed non-con- 
densing engine will be found slightly more efficient than a turbine 
operating under the same conditions. The steam consumption 
for a given capacity is so nearly alike for the two machines that 
the matter of selection is usually based upon other considerations. 
28^, Effect of Condensing, — The turbine is much more sensi- 
tive to the effect of a vacuum than a reciprocating engine owing 
to the greater number of expansions. This may be illustrated by 
two engines having cylinders of the same diameter but with the 
stroke of the second twice that of the first. Let the first cut oflF 
at one-fourth stroke, and the same volume and weight of steam 
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Rg. 131. Combined Impolse and Reaction Turbine. 

be used by each engine per stroke. It is evident from the above 
that the first* will have four expansions and the second eight. 
If now 10 pounds be added to the mean effective pressure in each 
case by attaching a condenser, the gain in actual power will be 
twice as great in the second as in the first, because the stroke is 
twice as long. In other words, with a given set of conditions, 
the gain by condensing varies theoretically as the number of 
expansions. 

The best types of compound condensing engines average about 
sixteen expansions while a turbine will easily expand the steam 
one hundred times or more. Hence, under the above conditions, 
the relative eflFect of adding an inch to the vacuum will be from 
six to eight times as great in the case of a turbine as with an 
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engine. Furthermore, there is an increase in efficiency due to the 
greater expansion of the steam. 

Very little is to be gained by increasing the vacuum beyond 
26 inches in case of a reciprocating engine, while with a turbine 
a decrease of 3 to 4 per cent in steam consumption may be ob- 
tained for each inch increase in vacuum between 25 and 29 inches. 

Comparing the Performance of Engines and Turbines. 

B8S, Methods of Comparison, — The performance of reciprocat- 
ing engines and turbines may be compared in different ways ac- 
cording to the degree of accuracy required. For rough approxi- 
mations the pounds of steam per brake horse power or kilowatt 
per hour may be taken without reference to the conditions of 
temperature and pressure, but for more exact comparisons it is 
necessary to reduce all working conditions to a common basis. 
Manufacturers of turbines usually furnish a set of correction 
curves showing the effect on the steam economy by changes in the 
initial pressure, back pressure, and temperature of the steam. By 
means of these it is a simple matter to reduce the actual water- 
rate of the turbine, as determined by test, to what might be ex- 
pected under working conditions identical with those of the en- 
gine. Another method of comparison is by means of the heat 
consumption, per unit output, as already described in Paragraph 
265. 

Size of Generating Units. 

28^, Conditions for Highest Efficiency. — In order to obtain the 
highest efficiency of an engine, turbine or generator it is neces- 
sary that it shall operate at approximately full load, hence care 
should be taken in each case to so proportion the units that the 
above condition may be approached as nearly as possible at all 
times. In manufacturing plants where the power requirements 
are fairly uniform this is a comparatively simple matter, but 
where the load varies from hour to hour, as frequently happens 
in different types of buildings, considerable care must be exer- 
cised in selecting the proper size of units. It is, of course, im- 
possible to secure ideal conditions at all times, and the plant 
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must not be complicated by the use of too many machines of dif- 
ferent size. In designing a plant a middle course should be 
chosen, giving due regard both to load variation and simplicity 
of equipment, providing in all important cases one or more dupli- 
cate units for use in case of accident or necessary repairs. Prac- 
tical illustrations along this line are given in the various prob- 
lems in Chapter XII. 
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AUXILIARY EQUIPMENT. 

This includes the necessary equipment for supplying the plant 
with water for all purposes, also fire pumps, feed pumps and in- 
jectors, vacuum pumps, heaters, and condensers. 

Water Supply. 

285, Different Uses. — ^The purposes for which water is re- 
quired in any given case will depend upon the type of building. In 
general, these may be included under the heads of boiler feeding, 
condenser service, domestic purposes, manufacturing processes, 
air conditioning, and fire protection. 

The first step in providing a water supply for a power or in- 
dustrial plant is to determine the maximum quantity required in 
a given time. This should be made sufficiently large to cover 
any unexpected demands within reasonable limits, without over- 
taxing the supply. 

286, Boiler Feeding, — ^Under normal conditions this will 
amount to approximately 35 pounds per boiler horse power per 
hour. Increasing this from 30 to 50 per cent for possible over- 
loads, or 40 per cent for average conditions, calls for 

35X1.4 

— — ~ — = 6 gallons per hour per rated boiler horse power. 

In case of factories and shops, where the power requirements 
are more uniform, 5 gallons per horse power per hour will usually 
suffice. Each plant should be considered as a separate problem 
and provision made for all possible conditions of overloading. 
The above refers to cases where all of the exhaust steam is 
wasted. When a portion of the exhaust is utilized for heating 
purposes of any kind and the condensation returned to the boil- 
ers, this may be deducted from the cold feed requirements. 
When the engines are connected with a surface condenser, and 
the oil removed from the exhaust, or when turbines are employed, 
only enough "make-up" water is required to prevent the distilled 

251 
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water from corroding the boiler plates. About 10 per cent of 
fresh water is usually ample for this purpose. In case the cool- 
ing water is sufficiently pure for steaming purposes, the "make- 
up" may be taken from the discharge pipe of the condenser, thus 
eliminating the item of feed water entirely from the total quantity 
to be provided in a condensing plant. 

In city buildings condensers are not usually employed, on ac- 
count of the cost of cooling water when taken from the mains, 
and the quantity of "make-up" water must be computed in con- 
nection with the heating system as previously noted. It should 
be remembered, however, that the heating plant is shut down in 
the summer and in many cases the entire exhaust discharged 
outboard, while in others the engines may be run condensing dur- 
ing the non-heating season. 

In all cases the conditions requiring the maximum amount of 
fresh feed water should be taken into account when determining 
the capacity of the supply. 

SS7. Condensing — While the quantity of cooling water required 
varies with the initial and final temperatures and the vacuum car- 
ried, it is customary, in approximating the water supply, to allow 
30 pounds per pound of steam condensed for jet and barometric 
condensers, and 35 pounds for surface condensers, when used 
in connection with reciprocating engines. For turbines, twice 
that amount should be supplied. 

The weight of steam to be condensed will depend upon the type 
and size of the engines, and in the absence of more exact infor- 
mation, may be taken from Table LXV. 

288. Domestic and Manufacturing Purposes. — No general rule 
can be given for the quantity of water required for these purposes 
and it must be determined in each case from whatever data is 
available and added to the total supply. 

289. Air Conditioning. — When a spray washer is used for fil- 
tering purposes only, the water required is simply that necessary 
to replace evaporation losses, with an occasional flushing of the 
tank. Under these conditions it is not usually necessary to make 
any additional allowance on this account. 

When city or artesian well water is used for air cooling the 
amount required is greatly increased. 

It has been stated in Paragraph 164, that when the tempera- 
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ture of the spray is about 3 degrees below the dew-point of the 
entering air no evaporation will take place and the entire cooling 
eflfect is produced by the transmission of heat from the air to the 
water. Assuming a water temperature of 55 degrees and an air 
temperature of 80 degrees, this condition will prevail for all rela- 
tive humidities above 50 per cent. For an air-cooling eflfect of 10 
degrees, with a rise in water temperature of 20 degrees, it will 
require, approximately, 1.1 gallons per 1,000 cubic feet of air. 
Water for this purpose is usually taken from an artesian well, 
and if the flow is not suflScient to produce the desired cooling ef- 
fect it may be supplemented by the addition of city water. 

290. Fire Protection, — In the modem fire-proof power house 
very little is done in the way of fire protection except in the con- 
struction of the building itself. With industrial plants, institu- 
tions, and city buildings of various kinds, a system of hydrants 
and sprinklers is an important item in the matter of water sup- 
ply. The details to be followed in any particular locality are gov- 
erned by the underwriters' regulations for that district, but there 
are certain general rules which may be followed in computing the 
water supply for approximate work. Unless local regulations 
require diflferent treatment, 250 gallons per minute should be pro- 
vided for each 1%-inch fire stream and 125 gallons for each %- 
inch fire stream. Each sprinkler head will require from 6 to 8 
gallons per minute according to the pressure, but it will not be 
necessary to count upon all being in operation at the same time. 
A record of over 80 fires showed that the number of sprinklers 
in action at one time did not exceed 15 in any case. In general, 
a supply of 500 to 1,000 gallons per minute for sprinkler service 
will prove ample in plants of medium size. In some cases the 
water supply may be based upon the capacity of the fire pumps. 
The arrangement of the system also has an important bearing 
upon the amount of water to be furnished continuously, as in 
many cases the sprinklers are supplied from a storage tank and 
only the hydrant service need be considered in this connection. 
Whien the requirements for fire protection exceed those for other 
purposes by a certain amount, they may be taken as the govern- 
ing factor in fixing the water supply for the entire plant. As 
but a portion of the machinery would be in operation during a 
fire, the principal use of water, aside from fire purposes, would 
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be for the steam used by the pumps, which may be taken as 1 
gallon for each 80 to 100 gallons delivered by the fire streams. 

291. Sources of Supply, — The source of supply in city build- 
ings is necessarily from the service mains unless the location hap- 
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Fig. 132. Location of Pomp for Low EloTfttion. 
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FiC. 133. Location of Pomp for High Elevation. 
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Fig. 134. Pump Located at Source of Supply. 



pens to be near a water-front, and even then, the latter supply 
may only be fit for condensing and fire purposes. 

Water for air cooling and similar uses may be obtained from 
artesian or deep wells located upon the premises, or at least in 
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sufficient quantity to supplement that drawn from the service 
mains, as previously noted. In manufacturing plants and insti- 
tutions located outside of thickly settled sections the water supply 
may come from lakes, rivers, private reservoirs fed by springs, 
artesian wells, or public water mains, according to local condi- 
tions. 

Pumps for General Service. 



2, Location of Pump. — ^When the water is taken from pub- 
lic mains, or flows to the plant by gravity, it is simply a matter 



STEAM EHD 




Fig. 135. Section through a Direct-Acthig Steam Pump. 

of proportioning the size of pipe to the pressure and the volume 
required. 

When the power house is at a higher elevation than the source 
of supply the water must be pumped. If the conditions are such 
that the friction head in the pipe, plus the elevation, does not ex- 
ceed 15 to 18 feet the pumping equipment may be placed in or 
near the power house as shown in Fig. 132. Otherwise it must 
be located at some intermediate point where this limit will not be 
exceeded. Two arrangements of this kind are shown in Figs 
133 and 134. In the first of these the grades are such that the 
pump may be located near the power house, but at a lower level, 
while in the second it is necessary to place the pump close to the 
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well or Other source of supply. In both cases the water is forced 
into the tank instead of being drawn up by suction. 

293. Types of Pumps Used, — Direct-acting steam pumps, en- 
gine and turbine-driven plunger and centrifugal pumps are 
adapted to the first of these conditions, and also to the last when 
the distance is not so great as to make the carrying of steam from 
the power house both expensive and wasteful. When the dis- 
tance exceeds a certain limit it is usually better to drive the pump 
by an electric motor or gasoline engine than to install and care for 
a special boiler. 




F!g.l3e. 



Section tliroiiffh the Water End of a 
Plunger Pump. 



When the water is taken from a river, and the grades are suit- 
able, a hydraulic ram may be employed in cases where there is an 
abundance of water. This type of pump is made in a large num- 
ber of sizes and requires practically no attention, as the only 
parts subject to wear are the rubber valve disks. 

294, Pumps for Artesian Wells. — In the case of artesian wells 
there are two methods in common use for pumping the water to 
the power house. In the first, each well is equipped with a lift- 
pump driven by steam, electricity or gasoline, and connected with 
a common main leading to the power house. The second method 
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makes use of the "air lift," which is especially adapted to cases 
where it is desired to increase the flow of water and to plants 
using a series of wells. With this arrangement one compressing 
outfit, located in the power house, may be employed for the entire 
work. 

295, Direct-Acting Steam Pump, — This type of pump is made 
in a variety of forms and sizes and is widely used in connection 
with power plant work. A typical single piston pump is shown in 
Fig. 135. Pumps of this kind are adapted to locations where the 
water is free from grit or other substances likely to destroy the 
packing. When the above conditions are present, the plunger 
pump is preferable on account of the ease with which the worn 
parts may be packed or renewed. A section through the water 
end of a pump of this type is shown in Fig. 136. One of the chief 
disadvantages of the direct-acting pump is the excessive steam 
consumption as compared with an engine or turbine, but this is 




Fig. 137. Compotmd Plimger Pump. 

offset in many cases by the low cost of installation, convenience, 
and ease with which the speed may be regulated to meet varying 
requirements. Pumps of this type are made single, duplex, simple 
and compound, according to the work to be performed. A com- 
pound pump, especially adapted to elevator service, is shown in 
Fig. 137. Attention is called in this cut, as well as in Fig. 151, to 
the special features of design which allow the plungers to be in- 
spected and repacked from the outside without removing the 
cylinder heads. 

Direct-acting pumps have an average mechanical efficiency of 
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60 to 80 per cent and a "slippage" of 15 to 20 per cent under ordi- 
nary conditions of adjustment. The steam consumption of small 
and medium-size duplex pumps will run from 80 to 160 pounds 
per delivered horse power per hour according to size. By com- 
pounding, as in Fig. 137, this may be reduced from 40 to 50 per 
cent. Pumps of this type are operated at a comparatively low 
speed, although the steam consumption per unit of work de- 




Fig. 138. Geared Power Pump. 

creases as the speed increases. For pumps of larger size the 
piston speed is usually limited to 100 feet per minute, but for 
strokes of less than 12 or 14 inches the piston speed should be 
reduced proportionately. Pumps which are to be run continu- 
ously should be designed to operate at about one-half the maxi- 
mum allowable speed noted above. 
296. Power Pumps. — Power or geared pumps, the general prin- 
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ciple of which is shown in Fig. 138, are used for practically the 
same purposes as the direct-acting steam pump. They are more 
economical to operate as they may be driven by an engine, tur- 
bine or electric motor as most convenient. When belted to line 
shafting, or driven by prime movers requiring a constant speed, 
they are not so desirable as the steam pump owing to the difficulty 
of regulation. When used for supplying tanks and reservoirs or 
other purposes where they may be run at constant speed for 
periods of considerable length they give very satisfactory re- 
sults and are supplanting the steam pump in many lines of serv- 
ice. 




Fif. 140. Section tfarouch a Two-Stage Turbine Pomp. 

The efficiency of the triplex pump may be taken as about 60 
per cent for total heads of 100 feet, 70 per cent for 200 feet, and 
80 per cent for 300 feet. "Slippage*' 15 to 20 per cent. 

297, Centrifugal Pumps. — Pumps of this type have come into 
general use for nearly all purposes with the advent of the elec- 
tric motor and steam turbine. Centrifugal pumps are of two gen- 
eral forms, the volute and turbine, varying chiefly with the inter- 
ior construction of the casing. 

The volute pump (Fig. 139), is usually of the single-stage de- 
sign and limited to heads of about 100 to 120 feet, although two- 
stage machines are constructed for much higher pressures. Tur- 
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bine pumps are designed for high lifts and are usually com- 
pounded in order to limit the peripheral velocity and reduce the 
friction. A section through a two-stage turbine pump is shown in 
Fig. 140, and an exterior view of a three-stage direct-connected 
outfit of this type in Fig. 152. It is 
important when using a centrifugal 
pump of any type to select one de- 
signed for the conditions under which 
It is to operate. 

The efficiency of centrifugal pumps 
commonly runs from 60 to 80 per 
cent for the best types working under 
the conditions for which they are de- i 
signed. 

Some of the advantages of this 
pump are simplicity and compactness, 
absence of valves, low cost, uniform 
delivery, and high rotative speed, 
adapting it to direct connection with 
motors and turbines. 

On the other hand it is not possible 
to obtain so high an efficiency as with 
the best grades of piston pumps when 
the latter are kept in first-class con- 
dition. Furthermore, the speed can- 
not be varied, except within narrow 
limits without loss of efficiency. 

298, Deep Well Pumps.— Deep 
wells are of two general kinds; open 
wells having a considerable diameter, 
and driven or artesian wells. The type 
of equipment required in the first case 
IS shown in Fig. 141 and consists of 
one or more pump cylinders placed 
within 18 or 20 feet of the surface of the water and connected 
with some form of pumping head at the top of the well by means 
of a long rod. The water is raised to the cylinder by suction and 
lifted or forced from this point to the surface of the ground. 

The pump shown in Fig. 141 is operated by a direct-connected 




Fig. 141. Deep-Well Pump, 
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Steam cylinder. A pumping head for an electric drive is illus- 
trated in Fig. 142. In this arrangement a second or differential 
plunger is employed which tends to equalize the flow of water 
from the dischaige pipe. This is shown in the cut just bade of 
the air chamber. 

In case of an artesian well, an outer tube is driven to die re- 
quired depth, extending to the surface of the ground. Inside of 
this, submerged in the water near the bottom, is the "barrel" con- 
taining the pump bucket and foot valve, the general form of which 
is shown in Fig. 143. The bucket or plunger is connected with a 




Fie. 142. Pump VLtmd for 
Electric Dihre. 

pump head at the top of the well by means of a wooden sucker 
rod, this material being used in order to reduce the weight. 
Pumps of this kind may be operated by a direct-acting steam 
cylinder (Fig. 144), or by a geared electric motor or gasoline en- 
gine. 

Deep well pumps have an efficiency of 40 to 50 per cent and a 
"slippage" of 10 to 15 per cent. 

299. Air Lift. — The principle of the air lift is shown in Fig. 
145. A water pipe is carried down to the required depth, tc^ther 
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with an air pipe, either on the outside or inside as most con- 
venient. In operation compressed air is forced into the water pipe 
near the bottom, thus decreasing the density of the water within 
it, due to the air bubbles. The flow upward is produced by the 
difference in weight between the column of solid water B and 




Fig. 143. Pump 
Barrel for a 
Driyen WeU. 



Fig. 144. 
Steam-DriTeil 
Pump Head. 



the mixture of air and water C. Air under sufiicient pressure for 
raising the water is furnished by a compressor located in the 
power house, the air pipe following the general line of the water 
pipe. 
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The tank, D, in Fig. 145, is for equalizing the pressure and re- 
ducing the pulsation between strokes. Referring again to the 
cut, B is called the submergence, C the lift, and A the total head. 




Fig. 146. Diacnun of an Air Lift 

In practical work the submergence is expressed as a percentage 
of the total head. For example, if A and B are 250 and 150 feet 

150 
respectively, the submergence is = 0.60 or 60 per cent. 

The efficiency of an air lift increases with the percentage of sub- 

mergence and commonly runs from about 30 per cent for — = 0.5 

A 

up to 50 per cent for — = 0.8. A ratio of about 1 to 6 between 

the areas of the air and water pipes gives the best results for 
average conditions. If the air pipe is made too large, power will 
be wasted in producing a high water velocity, and if too small, the 
air bubbles will not expand sufficiently to fill the discharge pipe 
and will rise through the water without lifting it. 

SOO, Hydraulic Ram, — This oflFers the cheapest method of 
pumping where there is a sufficient supply of water and suitable 
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grades. A typical ram is shown in section, in F'ig. 146, in which 
A is the drive pipe connection, C the waste valve, D the check 
valve, E the air chamber, and F the delivery pipe. In action, 
water enters A and passes out through C until sufficient force 
has been produced in the drive pipe, due to the inertia of the rap- 
idly moving column of water, to close C and open D. This allows 
the water to pass into the lower part of chamber E, compressing 
the air above it until sufficient pressure is obtained to close the 
check D and force a certain amount of water through F to the 
desired point. This constitutes a single stroke of the ram which 
is repeated at regular intervals. 




Fig. 146. Section through a Hydraulic Ram. 

Two general methods of connecting a hydraulic ram are shown 
in Figs. 147 and 148. If the drive pipe is too long the exces- 
sive friction will interfere with the proper action of the ram and 
if too short, water will be forced back into the drive tank. In 
practice it is customary to make the length of drive pipe equal 
approximately to the height of lift (h) to the tank or reservoir. 
When it is necessary, for any reason, to locate the ram at a greater 
distance from the source of supply, the required length of drive 
pipe can be secured by introducing a stand-pipe or intermediate 
drive tank nearer the ram as shown in Fig. 148. For large quan- 
tities of water the fall from the source to the ram should not be 
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less than 2 feet, and unless special provisions are made should not 
in general exceed 12 or 15 feet owing to the shock when the flow 
is suddenly checked in the drive pipe. 

Standard rams are made in large sizes, using from 400 to 15,000 
gallons of water per minute (G), operating under a fall of V/2 to 




Fig. 147. Comiactioiis for a Hydraulic Ram. 

WATER LeVEL-|>^ ./"*?f^ ^^^ 





INTERMEaiATE TANK 



Flf. 148. Hydraulic Ram with Drive Tank. 

50 feet, and raising water 35 feet per foot fall, up to a maximum 
of about 800 feet. 
The working formulae for the hydraulic ram are as follows : 

2XGXH 



9 



H = 



3XA 

SXhXG 

2XG 



G = 



h = 



^xhxg 

2XH 

2XGXH 
^Xg 



in which 

g = gallons discharged by the ram. 
G = gallons required for operating the ram, (including g.) 
H = fall, in feet, from source of supply to ram,* (see Figs 
147 and 148). 
h = height, in feet, to which water is lifted above the ram 
(see Figs. 147 and 148). 
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Capacity of PumjiNi. 

SOI, Methods of Computing, — The capacity of a piston or 
plunger pump is given by the formula 

G:=DXLXNXSXC 
in which 

G = gallons discharged per minute. 

D = piston displacement per inch of stroke (Table LXX.). 

L = length of stroke, in inches. 

N = number of strokes per minute. 

5= factor for "slippage/' (Table LXXI.). 

C = number of cylinders. 
Table LXX. has been computed for use with the above for- 
mula and gives the displacement in gallons per inch stroke for 
pistons or plungers of different diameters. Table LXXI. gives 
"slippage factors" for different types of pumps. These are equal 
to 1 minus the per cent of slippage, as previously given. 

Table LXX. 
Piston Displacement pes Inch Stroke. 



Diameter 




Diameter 


Displacement 


of piston 
or plunger. 


in gallons 
per inch 


of piston 
or pluncer. 


in gallons 
per inch 


in inches. 


strolce. 


in inches. 


stroke. 


4 


0.066 


10 


0.34 


6 


0.086 


12 


0.49 


6 


0.122 


14 


0.66 


7 


0.166 


16 


0.87 


8 


0.218 


18 


1.10 


9 


0.286 


20 


1.36 



Table LXXL 

Effect of "Suppace" on Pump Capaoty. 

"Slippage" 
Type of pump. factor. 

Deep well 0.88 

Medium piston or plunger 0.86 

Small piston or plunger 0.80 

Geared or power 0.82 

Example, — What will be the capacity of a duplex piston pump, 
having 12-inch cylinders and a 20-inch stroke, while running at a 
speed of 60 strokes per minute? 

0.49X20X50X0.85X2 = 833 gallons per minute. 
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In practice it is usually best to obtain tables of pump ratings 
from the manufacturers, together with guaranteed "slippage fac- 
tors" for average conditions. This simplifies the process of com- 
putation and also places the responsibility of the result upon the 
makers. 

Power Required for Pumping Water. 

S02, Computations Involved. — The theoretical horse power re- 
quired for elevating water is given by the formula 

^- ^- ^' 33,000 
in which 

W. H. P. = the "water horse power." 

IV = pounds of water raised per minute. 
H = height of lift, in feet. 
In practical work the quantity of water handled is usually ex- 
pressed in gallons. Furthermore, the frictional resistance of the 
supply and discharge pipes must be considered and also the me- 
chanical efficiency of the pump. Taking these into account we 
have for a working formula 

DH P^ ^X^ 

^' "• ^' - 4,000X£ 

in which 

D. H. P. = delivered horse power required to operate the pump. 
G = gallons discharged per minute. 
H = total head = friction head in pipe line plus the lift, 

both taken in feet. 
E = efficiency of pump. 

(Pounds per square inch may be reduced to feet head by 
multiplying by 2.4.) 
Example, — ^What D. H. P. will be required by a pump, having 
an efficiency of 60 per cent, to raise 160 gallons of water per min- 
ute a height of 50 feet through a 4-inch pipe 1,500 feet in length? 
The friction head from Table LXXII. is 29.1 ; making the total 
head pumped against (29.1X1.5)-|-50 = 94 feet. Substituting in 
the formula we have 

160X94 
^•"•^•= 4,000X0.6 =^-^- 
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Size 






















pipe. 








Rate of flow and friction head. 






inches 






















1 


Gals, per min- 


3 


4 


5 


6 


8 


10 


12 


14 


16 


18 




Friction head 


12.6 


21.4 


32.5 


45.5 


78 


117 


164 


220 


280 


350 


IH 


Gals, per min. 


5 


10 


15 


20 


25 


30 


35 


40 


45 


50 




Friction head 


3.9 


14.3 


30 


52 


78 


110 


147 


188 


232 


284 


2 


Gals, per min. 


25 


30 


36 


40 


45 


50 


60 


70 


80 


90 




Friction head 


27.3 


3.84 


51 


66 


82 


99 


139 


184 


237 


294 


3 


Gals, per min. 


50 


60 


70 


80 


90 


100 


120 


140 


160 


180 




Friction head 


13.8 


19.2 


25.7 


32.8 


40.8 


49.6 


70 


92 


118 


148 


4 


Gals, per min. 


100 


120 


140 


160 


180 


200 


240 


280 


320 


360 




Friction head 


12.2 


17.1 


22.8 


29.1 


36.1 


44 


62 


82 


105 


131 


ft 


Gala, per min. 


160 


180 


200 


240 


280 


320 


360 


400 


450 


500 




Friction head 


9.8 


12.2 


14.8 


20.8 


27.7 


35.4 


45 


54 


67 


81 


6 


Gals, per min. 


200 


230 


260 


300 


340 


380 


440 


500 


600 


700 




Friction head 


6.1 


7.9 


10 


13.5 


16.0 


20.0 


26.1 


33.3 


46.4 


61 


8 


Gals, per min. 


350 


400 


450 


500 


600 


700 


800 


900 


1.000 


1.200 




Friction head 


4.2 


5.5 


6.8 


8.2 


11.5 


15.1 


19.5 


24.5 


29.9 


40.0 


10 


Gals, per min. 


700 


750 


800 


900 


1.000 


1.200 


1.400 


1.600 


1.800 


2.000 




Friction head 


5.1 


5.9 


6.6 


8.3 


10.0 


13.8 


18.4 


23.6 


29.9 


36.0 


12 


Gals, per min. 


1.400 


1.500 


1.600 


1.700 


1.800 


2,000 


2.200 


2.400 


2.600 


2,800 




Friction head 


7.6 


8.8 


9.7 


10.9 


12.2 


15.0 


18.1 


21.0 


24.1 


27.0 


16 


Gals, per min. 


3.000 


3.200 


3.400 


3.600 


3.800 


4.000 


4.500 


6.000 


5.500 


6.000 




Friction head 


7.8 


8.8 


9.9 


11.0 


12.1 


13.2 


16.6 


20.1 


24.0 


28.0 


20 


Gals, per min. 


6.000 


6.250 


6.500 


7.000 


7.500 


8.000 


8.500 


9.000 


9.500 


10.000 




Friction head 


9.5 


10.2 


11.2 


12.5 


14.3 


16.1 


17.9 


20.0 


22.2 


24.3 



SOS. Pump Efficiency. — The mechanical efficiency of a direct- 
acting steam pump is taken as the rjytio of the water horse power 
to the indicated horse power of the steam cylinder. In the case 
of power pumps of different kinds, driven by separate engines 
or motors, the mechanical efficiency is the ratio of the water 
horse power to the input or delivered horse power. In the air 
lift the ratio of the water horse power to that required by the 
air compressor is taken. Table LXXIII. gives in tabulated form 
the average efficiencies of different types of pumps as already 
noted in the text. 

Table LXXIII. 

Pump Efficiencies. 

Average 
Type of pump. mechanical 

efficiency, 

per cent. 

Direct-acting steam 70 

Triplex power, 100 feet head 60 

Triplex power, 200 feet head 70 

Triplex power, 300 feet head 80 

Centrifugal 70 

Deep well 45 

Airlift 40 

The steam consumption of a direct-acting pump of the type 
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commonly used for boiler feeding and elevator service will vary 
somewhat according to size, but may be taken approximately as 
given in Table LXXIV. 

Table LXXIV. 
Water-rates op Direct-acting Steaic Pumps. 

Pounds of steam 
Type of pump. per D.H.P. 

per hour. 

Simple non-condensing 120 

Compound non-condensing 65 

Triple non-condensing 40 

High duty non-condensing 30 

304. Power for Air Lifts. — ^The air pressure required for 
raising water with an air lift may be found with sufficient ac- 
curacy by dividing the actual submergence, in feet, ("B," Fig. 
145), by 2. 

The volume of air required, at the given pressure, will be the 
same as the volume of water which it displaces, or in other 
words, each cubic foot of air delivered at the bottom of the well 
will raise 7.2 gallons of water. 

From the above, and what has already been said regarding 
air compression in Paragraph ^4, we have the following rela- 
tions: 

in which 

P = required air pressure, in pounds per square inch. 
B = actual submergence, in feet. 
C = cubic feet of air required at pressure P. 
G = gallons of water discharged per minute. 
A. H. P. = air horse power. 

F= horse power factor for pressure P, (from Table 
XLVIIL, Paragraph 204.) 
^ TT p _ r A. H. P.X1.33 for two-stage compressor. 
1^ A. H. P.Xl.^ for single-stage compressor. 
As compressors are usually rated according to the cubic feet 
of free air which they will compress per minute to a given higher 
or terminal pressure, it is necessary in computations of this kind 
to reduce the volume of air required at pressure P to its equiva- 
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lent volume at atmospheric pressure (free air), which may be 
done by the use of Table LXXV. 

Table LXXV. 
Relative Air Volumes at Different Pressures. 





Volume of free 




Volume of free. 


Gauge 


air correspond- 


Gauge 


air correspond 


ing to 1 cubic 
foot of air at 


ing to ] cubic 


pressure. 


pressure. 


foot of air at 




given pressure. 




given pressure. 


10 


1.68 


110 


8.48 


20 


2.36 


120 


9.17 


30 


3.04 


130 


9.84 


40 


3.72 


140 


10.52 


50 


4.40 


150 


11.20 


60 


6.08 


160 


11.88 


70 


6.76 


170 


12.66 


80 


6.44 


180 


13.24 


00 


7.12 


190 


13.02 


100 


7.80 


200 


14.60 



Example. ^An air lift has a submergence of 100 feet and it is 
desired to secure a flow of 200 gallons per minute. What should 
be the rated capacity of the compressor and the delivered or brake 
horse power for operating it? > 



100 



= 50 pounds per square inch. 



200 

C = = 28 cubic feet per minute. 

. 7.2 

F=0.12 (from Table XLVIIL). 

Volume of free air corresponding to 1 cubic foot at 50 pounds 
pressure = 4.4 (from Table LXXV.). 

Capacity of compressor = 28X4.4 = 123 cubic feet of free 
air per minute compressed to 50 pounds gauge pressure. 
A. H. P. = 0.12X28 = 3.36. 

As the pressure is less than 60 pounds a single-stage compres- 
sor may be used, calling for 3.36X1.66 = 5.6 D. H. P. 

Fire Pumps. 

305. Types Employed. — All systems of fire protection should 
be provided with at least two independent water supplies, and 
one of these frequently requires the installation of a fire pump. 
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Three types of pumps are used for this purpose, which should 
be especially designed for the conditions under which they are 
to operate. These include the direct-acting steam pump, the ro- 
tary pump, and turbine piunp. The National rules call for four 
standard sizes, as follows: 500, 750, 1,000 and 1,500 gallons per 
minute, which applies to all three types. Very few pumps of the 
larger size are made, it being considered better practice to use 
two 750-gallon pumps which allows a remaining unit in case of 
accident. 

The 1,000-gallon pump is the size most frequently employed, 
although many 750-gallon pumps are installed. The 500-gallon 
size is too small for good protection except in special cases. 

306. Steam Pumps, — These should be of the duplex type, as 
they are more certain of starting promptly after long disuse. 
Table LXXVI. gives working data for pumps of this type. 

Table LXXVI. 
Data for Steam Fire Pumps. 



Capacity 


Steam 


Water 


Piston 


Number 


Boiler 

horse- 


of pump, 


preasure. 


pressure. 


speed. 


.oflH- 


gallons per 


pounds 


pounds 


feet per 


inch fire 


minute. 


gauge. 


gauge. 


minute. 


streams. 




600 


40 


100 


140 


2 


100 


750 


45 


100 


140 


3 


120 


1.000 


45 


100 


140 


4 


150 


1.500 


50 


100 


160 


6 


200 



Under ordinary conditions, with a lift less than 18 feet a prim- 
ing tank with suitable connections is all that is necessary for 
keeping the cylinders and suction pipe filled. 

When the distance from the supply to the pump is over 300 
or 400 feet a steam ejector connected into the suction pipe near 
the pump should be provided in addition to the priming tank. 
Auxiliary pumps are used for off-setting the effect of leakage in 
the system of piping and to maintain the required pressure on the 
sprinkler system. These usually take their supply from the suc- 
tion-pipe near the main pump and discharge into the main de- 
livery pipe. Both fire pump and auxiliary pump are started auto- 
matically by a pre-determined drop in pressure in the delivery 
pipe. A fire pump of this type, together with its auxiliary equip- 
ment is shown in Fig. 149. 
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307, Rotary Pumps. — These should be designed to maintain a 
working pressure of 100 pounds at a speed of 250 to 300 r. p. m., 
according to size. Pumps of this type may be driven by direct- 
connected motors or turbines, or by means of friction or spur 
gearing When friction gearing is used about 30 D. H. P. for 
each 250 gallons of water per minute will be required. With spur 
gearing this will be considerably less. 

Practically the same priming equipment is required as for a 
steam pump, although the tank may be somewhat smaller. 



r~\ 




Fig. 148. FIro Pump wiHi AmiliAry Bquipoieiit. 

808. Turbine Pumps. — ^Turbine pumps used for fire purposes 
should be of heavy construction and have from two to four 
stages in order to secure the required pressure at a moderate 
speed. Turbine fire pumps may be driven either by motors or 
steam turbines, and commonly run ait speeds ranging from 800 to 
1,200 r. p. m. They require from 20 to 30 D. H. P. for each 250 
gallons of water discharged per minute. 

When possible they should take their supply under a slight 
head as they have no lifting ability until primed. When this is 
not practicable a priming tank of ample size should be provided. 
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When there is an especially long suction pipe, an auxiliary pump 
should be furnished connecting with the discharge from the main 
pump inside the check valve. 

Detailed information for the installation of all work of this 
kind should be obtained from the Underwriters for the district 
in which the plant occurs, as previously noted. 

Special Equipment 

The various steam and water specialties employed in the equip- 
ment of power and heating plants have already been described 
in previous volumes and reference may be made to these for 
more detailed information. 

Boiler Feeding. 

S09. Pumps Employed. — ^The direct-acting steam pump is the 
standard type for boiler feeding, although the multiple-stage cen- 




Fig. ISO. Direct- Acting Feed Pump, Piston Tjrpe. 

trifugal pump is used to a considerable extent in plants of large 
size. The triplex power pump may also be adapted to boiler feed- 
ing by making suitable provisions for regulation. 

310. Direct-Acting Feed Pumps. — Two standard forms of di- 
rect-acting feed pumps are shown in Figs. 150 and 151. The first 
of these, which represents both the piston and inside plunger 
types, is used where the water is free from grit and where the 
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pump is exposed to dust or ashes, as when it is located in the 
boiler room. 

The outside packed plunger pump (Fig. 151), is better adapted 
to the handling of gritty water as leaks are easily detected and 
adjustments made from the outside. On the other hand, the sur- 
faces of the plungers are exposed to outside dirt which is often a 
disadvantage in certain locations. The speed of a direct-acting 
pump is easily regulated, a feature which adapts it especially to 
boiler feeding. When the temperature of the feed water exceeds 
115 to 120 degrees it should be arranged to flow to the pump by 
gravity as difficulty will be experienced in raising it by suction at 
higher temperatures. 

Feed pumps are made both single and duplex, the latter being 
usually preferred for this purpose as they produce a steadier 
flow of water to the boilers. 

In determining the size of pump it is customary to allow for 
a theoretical capacity equal to about twice the actual capacity re- 
quired by the boilers under normal conditions, which provides for 
leaks, slippage, overloads, etc. On this basis the boiler horse 




Fig. 161. Pewl Pomp with Ottteide-PAcked Ploiiger. 

power which a single pump cylinder will supply is given by the 
formula 

B. H. P. = Z>X^XiVX8 

in which 

B. H. P. = boiler horse-power supplied. 

D = gallons delivered per inch stroke (Table 

LXX.). 
L = length of stroke, in inches. 
N = number of strokes per minute. 
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311. Centrifugal Feed Pumps, — The advantages of the centri- 
fugal pump for this purpose are a steady flow of water, absence 
of air chambers and valves, and small liability to damage by for- 
eign matter contained in the water. They are not usuajly recom- 
mended for plants requiring less than 150 to 200 gallons per min- 
ute or where there is considerable fluctuation in load. Pumps 
of this type may be driven either by electric motors or steam tur- 
bines (Fig. 152), the latter being the more frequent method. 
Regulation is best secured in large plants by dividing the work 
among several units which allows them to be operated at nearly 
full load at all times, thus obtaining the highest efficiency. 

312. Triplex Power Pumps. — In order to adapt this type of 
pump to boiler feeding provision must be made for regulating 
the flow. This may be done by using a small independent steam 




Fig. 162. Turbine-Driven Centrifugal Feed Pump. 

engine geared to the pump and varying the speed, or by employing 
an adjustable by-pass valve when a motor drive is used. In gen- 
eral, any gain in steam economy over the direct-acting pump un- 
der these conditions will be oflFset by transmission losses. 

313. Injectors. — Injectors in stationary practice, are employed 
principally as a reserve in case of accident to the feed pumps, ex- 
cept in connection with small plants or single boilers. While ef- 
ficient and convenient under certain conditions, they are not 
adapted to isolated plants where hot water must be handled in 
large and varying quantities. The injector, however, has a wide 
field of its own, covering locomotives and portable boilers of all 
kinds, besides serving as a supplementary feed in stationary 
plants. 
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Peed- Water Heating. 

SH. Reasons for Heating Feed Water, — Feed-water heaters 
are employed for three reasons; first, to avoid the introduction 
of cold water into a boiler; second, as a means of utilizing ex- 
haust steam which would otherwise be wasted, and third, for 
purifying the feed water by the process of precipitation under 
certain conditions. The relative importance of these will vary 
in different cases according to local conditions. When the ex- 
haust is utilized for heating and ventilating purposes there is no 
advantage in employing a feed-water heater except in the sum- 
mer when the heating system is not in use, as the small amount of 
water required to replace leakage losses, etc., may be mixed with 
the condensation returned from the heating system. 

If a portion of the exhaust is wasted a heater of sufficient size 
should be employed to heat the "make-up" water under maximum 
conditions. When the feed is drawn from the hot well, exhaust 
from the auxiliaries may be used to raise its temperature to a 
point approximating that of steam at atmospheric pressure. 

In condensing plants conditions are often such that it is ad- 
visable to let the condensate go to waste and utilize the exhaust 
in heating fresh feed water rather than attempt to remove the oil. 
In cases of this kind two heaters are commonly employed, one 
connected with the exhaust main between the engines and the 
condenser, and a secondary heater taking exhaust from the auxil- 
iaries. When the exhaust from the latter source is equal to about 
one-sixth the entire quantity of steam generated by the boilers, 
there will be nothing gained by placing a low-pressure heater in 
the main exhaust pipe. 

On the other hand, if the exhaust from the auxiliaries is less 
than this amount both primary and secondary heaters may usually 
be employed to advantage. 

In general, it will be found desirable in most combined power and 
heating plants to install a feed-water heater for summer use and 
for such other times as exhaust steam may be utilized in this way. 

315. Saving by Heating Feed Water. — The percentage of sav- 
ing in fuel by heating the feed water with waste products is ex- 

100(72— rj 
pressed by the equation 7 1/7- 7^ \ 
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in which 

Ti = initial temperature of feed water. 

Tj = final temperature of feed water. 

Tj = temperature of steam at boiler pressure. 

L = latent heat of steam at boiler pressure. 
316. Types of Heaters. — Feed-water heaters are of two gen- 
eral types known as open and closed heaters. In the first of these 



Cold water 

IIUPPLT 




Fig. 153. Open Feed-Water Heater. 

the steam and water mingle in a closed chamber. Heaters of this 
type are commonly employed in connection with exhaust heat- 
ing plants and are made to serve as a combined heater, filter and 
receiver, as illustrated in Fig. 153. When properly proportioned 
and supplied with a sufficient amount of exhaust they are capable 
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of raising the temperature of the water to approximately that of 
the steam, in which case they are slightly more effective than the 
closed type. A feature of considerable importance when the 
feed contains salts of lime and magnesia is an arrangement of 
shallow trays in the upper part of the chamber where precipita- 
tion may take place before the water reaches the receiver, thus 
acting as a purifier as well as heater. 

As the exhaust steam and water are in direct contact, the oil 
must be removed from the exhaust before it enters the heater. 

The separator in most cases forms a part of the regular equip- 




Fic. I S4. Two Forms of Coimectioii for an Open Feed- Water Heater. 

ment, being bolted to the shell of the heater, as shown in Fig. 
153. Two methods of making the steam connections with a 
heater of this type are illustrated in Fig. 154. In the arrangement 
shown at the left the by-pass and valves are independent of the 
heater, while in the second case a special cut-out valve is em- 
ployed. 

By this means any proportion of the exhaust may be diverted 
to the heater or it may be cut out entirely. The simplicity of this 
device is evident from the cut and the amount of piping consider- 
ably reduced. In the closed heater the steam and water are in 
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separate compartments, the water usually passing through a series 
of brass tubes surrounded by steam, although in some cases this 
arrangement is reversed. A water-tube heater is more efficient 
for a given heating surface than a steam-tube heater, owing to 
the higher velocity of flow, but when used as a purifier it is nec- 
essary to secure a slower movement of the water in order to ob- 
tain an effective precipitation of the solids. 





Fig. 156. Closed Feed- 
Water Heater, Single- 
Flow Type. 



:e^ 



Fig. 156. Feed-Water 

Heater, Steam-Tube 

Type. 



l^his is most easily brought about by passing the water through 
the shell of the heater with the steam inside the tubes. 

A single-flow water-tube heater is shown in Fig. 155, the action 
of which is clearly indicated by the arrows. In the multi-flow 
type the water passes back and forth a number of times before 
leaving the heater. 

A steam-tube heater of typical design is illustrated in Fig. 156. 
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Qosed heaters are always placed on the pressure side of the feed 
pump and may therefore be located at any elevation desired. 

The temperature to which the feed water may be raised with a 
closed heater commonly runs from 200 to 210 degrees with ex- 
haust from non-condensing engines, and from 110 to 120 degrees 
in the case of condensing engines. 

317. Tube Surface. — The required amount of tube surface de- 
pends upon various conditions including the steam pressure, initial 
and final water temperatures and velocity of flow. The form of 
the tube, whether straight or corrugated, and the material, also 
have a considerable effect. For average conditions the following 
approximate relations may be taken between the tube surface and 
quantity of water to be heated. These figures are based on an 
initial feed temperature of 60 degrees, with a final temperature of 
208 degrees in case of non-condensing engines, and 115 degrees 
for condensing. 

Table LXXVII. 
Tube Surface for Closed Heaters. 





Pounds of water heated per hour 
per square foot of tube surface. 


Type of heater. 


Non-condens- 
ing, atmospheric 
pressure. 


Condensing. 
26-inch vacuum. 


Water-tube, single-flow 


80 

100 

60 


140 


Water-tube, multi-flow 


180 


Steam-tube 


100 









Condensing Apparatus. 

318. Conditions Governing Use of Condensers. — The advan- 
tages of condensing and the percentage of saving, or gain in 
power, under different conditions have been considered in Para- 
graph 2^7. Some of the more common types of condensing ap- 
paratus will now be taken up and discussed briefly in connection 
with the requirements of isolated plants. 

In general, condensers are only made use of in factory work 
and plants of large size where the power requirements are fairly 
constant throughout the day. In city buildings where the maxi- 
mum load occurs only during the lighting hours, and where the 
cost of cooling water would be excessive, there is usually no ad- 
vantage in providing a condenser, especially if the exhaust steam 
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can be utilized for heating purposes during several months of 
the year. There are special cases, however, where cooling water 
may be obtained at a reasonable rate, in which it may be a matter 
of economy to operate the plant condensing during the summer 
months when the heating system is out of commission. In such 
cases a careful comparison should be made between the probable 
saving in steam consumption and the cost of maintaining and 
operating the condensing apparatus, including taxes, depreciation 
and interest on the first cost of equipment In computations of 
this kind the length of time which the apparatus would be in 
actual use is an important factor. 

In factory and mill work the conditions are more favorable for 
condensing, especially where steam turbines are employed. The 
use' of the bleeder turbine makes it possible to obtain steam 



P(Hwurr itii-Ei 




Fig. 1 67. Section through a Surface Condenser. 

at low pressure for heating purposes without affecting the action 
of the condenser to any appreciable extent. 

Types of Condensers. 

S19. General Classification, — Condensers are included in two 
general classes known as surface and jet condensers. The first 
of these is divided into the "water-cooled," "air-cooled" and 
"evaporative" types, while the second is made up of the "parallel- 
current" and "counter-current" types. These in turn are still 
further sub-divided according to various details of design, but 
only a sufficient number will be shown to illustrate the principles 
of operation and to bring out some of the more important details 
of construction. 
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320. Surface Condensers, — The water-cooled type of surface 
condenser is the one commonly used in isolated plant work and 
is the only form which will be considered. A section through a 
typical surface condenser employed in connection with reciprocat- 
ing engines, where the vacuum does not exceed 26 inches, is 
shown in Fig. 157. This is similar to a feed-water heater of the 
double-flow type, and requires two pumps, one for circulating the 
cooling water and a vacuum or air pump for removing the air 
and condensed steam. These pumps are often combined so as to 
be operated by a single steam cylinder, as illustrated in Fig. 158. 




Fig. 168. Surface Condenser and Pomps. 



It has been shown in the previous chapter that a higher vacuum 
of 28 to 29 inches is required in connection with a steam turbine 
to secure the highest efficiency. In order to adapt the surface 
condenser to this class of work it is necessary to secure a more 
complete removal of air and also to prevent the condensation from 
the upper tubes falling on those directly below as the coating of 
water thus formed reduces their efficiency as heating surface. 
This has led to the construction of the "dry-tube" condenser pro- 
vided with a separate "dry-air" pump. A section through a con- 
denser of this type showing the "rain plates," and various con- 
nections for steam, air, and condensation is illustrated in Fig. 159. 
Another arrangement of tubes designed to equalize the flow of 
steam and air in large condensers is shown in Fig. 160. A com- 
plete surface condensing outfit connected with a double-flow 
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turbine is illustrated in Fig. 161. The circulating pump in this 
case is at the left and the hot-well and air pumps at the right. 
All of these are of the centrifugal type driven by steam turbines. 
The hot-well and air pumps are mounted upon a common shaft 
and are illustrated in section in Fig, 168. 



■iKhlAUST INLIT 




HOT WATE.R ftUCTKM 

Fif. 158. Section through a Sorface Condenier Showing Rain Plates. 

The air pump, shown at the right, is of special design, being a 
combination of centrifugal pump and steam ejector through which 
a current of water is drawn with the air. The advantage of this 
over the usual type of piston air pump is its simplicity, the absence 
of valves and the fact that it may be attached to the same shaft 
with a centrifugal hot-well or condensate pump. In some cases 
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all three pumps are mounted upon a common shaft driven by a 
single turbine. 

321. Tube Surface, — The required tube surface is a detail of 
design depending upon various factors according to the conditions 
under which it is to operate. As these vary more or less in 
different plants it is usually best to submit the given conditions 
to the manufacturers letting them determine the required tube 
surface for their particular type of condenser. 

Standard condensers for reciprocating engines are commonly 
rated on a basis of 2 square feet of tube surface per I. H. P., 
which corresponds very nearly to the computed requirements for 
cooling water at 60 degrees, a 26-inch vacuum, and a steam con- 
sumption of 20 pounds per I. H. P. per hour. 




Vic. IM. Amncement for Bqwdiziiif 
the Flow of StMun in Surface CondenserB. 

Small turbo-generators equipped with standard condensers re- 
quire from 3 to 4 square feet of surface per kilowatt, and large 
units, employing dry-tube condensers of the best type, from 1.7 
to 2.4 square feet. 

The heat transmission through condenser tubes varies with the 
freedom from air, the condition of the surface as to dryness and 
cleanliness, and the velocity of both the steam and water. Under 
ordinary working conditions the transmission per degree differ- 
ence between the steam and average temperature of the water 
will run from 250 to 350 B. T. U. per square foot of surface per 
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hour in the standard types. With dry-tube condensers having 
separate air pumps, these figures may usually be doubled, al- 
though some engineers recommend limiting the transmission fac- 
tor to 500 B. T. U. for continuous use under the conditions of 
ordinary service. The formula for computing the cooling surface 
for a given set of conditions is 

w(H—T,+S2) 



5" = 



U (T- 



T,+T, 



) 



in which 

5" = square feet of tube surface. 

w = weight of steam to be condensed per hour, in pounds. 




Fig. 161. Condensioc Bqnipment Attached to a Steam Turbine. 

H = total heat of steam, at condenser pressure. 

U = factor for heat transmission per degree difference per 

square foot of surface per hour. 
T = temperature of steam, at condenser pressure. 
Ti = initial temperature of cooling water. 
Tj = final temperature of cooling water. 
Tj = final temperature of the condensed steam. 
In using this formula the value of U will range from about 250 
to 500 according to the type of condenser as previously stated. 
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The final temperature of the cooling water (T^) and that of the 
condensed steam (Tg) will depend upon the type of condenser and 
the conditions of operation. 

In the case of standard condensers, 7, may be taken from 15 
to 20 degrees below T, and 7^3 from 8 to 12 degrees below. 

With the dry-tube multi-flotv type, 7, may be taken from 5 to 
10 degrees below T, and Tj from 4 to 8 degrees below. 

322. Jet Condensers. — Two types of the jet condenser are 
shown, those employing pumps for the removal of air and water 
from the condensing chamber and those in which no pumps are 
required (except for supplying the cooling water in some cases), 
called barometric or siphon condensers. 

A section through the condensing chamber of a low-vacuum 
counter-current condenser of the first type is shown in Fig. 163. 
The exhaust steam and cooling water enter at the points indicated, 
the latter being discharged in the form of a spray and mingling 
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SECTION A A ^ SECTION BB 

Fig. 162. Special Centrifncal Air Pnmp for Condenser Woik. 

with the entering steam. The mixture of discharge water, con- 
densed steam and air is withdrawn by means of a single pump. 

The vacuum breaker shown at the right is for the purpose of 
admitting atmospheric pressure to the condenser in case of acci- 
dent to the discharge pump, thus breaking the vacuum and pre- 
venting the flooding of engine or turbine. 

Parallel-current condensers are similar in construction to the 
above except the spray cone is reversed so as to throw the water 
downward. A jet condenser of this general type provided with a 
separate dry-air pump is shown in Fig. 164. Another form of 
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counter-current jet condenser adapted to high-vacuum work is 
illustrated in Fig. 165. This requires a tail pump for removing 
the discharge water and condensate and a separate dry-air pump. 
The various connections and the passages taken by the air and 
steam are indicated in the cut. 

A form of jet condenser especially adapted to low basements is 
illustrated in Fig. 166. In this case the exhaust steam enters the 




Fif. 163. Low-Vacuum Jet Condenier* 

lower part of the chamber at the left and is met by finely divided 
streams of water flowing downward over a series of trays. 

A condenser of this type connected with a steam turbine is 
shown in Fig. 167, which illustrates the method of removing the 
air and discharge water from the condensing chamber. In this 
case duplicate turbine-driven centrifugal pumps are employed for 
the latter purpose and a rotative dry-vacuum pump for the 
former. This arrangement of pumps is frequently employed in 
connection with high-vacuum surface condensers also. 
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A section through the condensing head of a barometric con- 
denser of the siphon type is shown in Fig. 168 and the general 
method of connecting it with a reciprocating engine in Fig. 169. 
This is a parallel-current condenser, the cooling water entering at 
the right (Fig. 168), and the exhaust steam through the goose 
neck at the top as indicated by the arrows. Condensation takes 
place in the nozzle A, the water entering at the upper edge in the 
form of a hollow cone. The discharge water, together with the en- 
trained air, passes through the contracted throat B, into the tail 
pipe and thence to the hot-well and overflow as indicated in Fig. 
169. 

In order to work properly the distance from the surface of the 
hot-well to the condensing nozzle should not be less than 34 feet, 
and in practice it is usual to increase this somewhat to prevent 




Fig. 164. Jet Condenser and Pumpt. 

any possibility of a reversal of flow. When the distance from the 
cooling-water supply to the condenser inlet does not exceed 15 
feet, a flow will be established and maintained by the siphon action 
produced. For greater elevations a pump is necessary. 

Quantity of Cooling Water. 

S3S. Method of Computing. — An approximate method has al- 
ready been given for estimating the quantity of cooling water 
required when computing the total supply for the plant. 
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The theoretical quantity of cooling water for a jet condenser 
is given by the formula 



IV = 



-T, 



in which 

W = pounds of cooling water required per hour. 
w = pounds of steam to be condensed per hour. 
H = total heat in one pound of steam, at condenser pres- 
sure. 
Ti = initial temperature of cooling water. 
T2 = temperature of discharge water. 




Fig. 166. Higb-Vacttum Jet Condenser. 

In the case of reciprocating engines T^ should be taken about 
15 degrees below the temperature corresponding to the condenser 
pressure, or approximately 125 degrees for a 24-inch vacuum and 
110 degrees for a 26-inch vacuum. 

In turbine installations, Tj will average about 100 degrees for 
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FIf. 166. Section thnragfa a Low-Head Jet Coadenser. 




Vic. 167. Low-Head Jet Condenser and Pnmpa. 
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a 27-inch vacuum and 75 degrees for a 28.5-inch vacuum, allowing 
a difference of 15 degrees as before. The results given by this 
method should be increased from 10 to 15 per cent in actual 
practice, and for a surface condenser the amount of cooling water 
should be increased about 20 per cent over that required for a 
jet condenser under the same conditions. 



Selection of a Condenser. 



Governing Factors, — ^The best type of condenser to employ 
in any given case will depend upon local conditions, such as quality 




Fig. 168. Section throogh a 
Barometric Condenser. 



of feed and condensing water, source of supply, available space 
for condensing equipment, etc. 

For a low vacuum where there is an ample supply of water 
suitable for boiler feeding, the jet condenser with connecting 
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pump IS a compact and satisfactory type. In mill work, where 
there is ample head room, the barometric type may be employed 
under similar conditions. 

When the cooling water contains a considerable quantity of 
foreign matter which would tend to clog the passages of a pump 
or barometric condenser of the spray type, the siphon condenser 
(Fig. 168), may be used to advantage. In cases of this kind the 
boiler feed must be taken from an independent source. 

Surface condensers are adapted to locations where suitable feed 
water is scarce, as the. condensate may be used Over again in the 
boilers by removing the oil and adding about 10 per cent of fresh 
water. 



AUTOMATIC BfUCF VALVt 
OPEN TtPE FOR E^hUUET PIPE" 

OuraipE euiLDiNO 




HOT WELL 

Fig. 169. Connections for a Barometric Condenser. 



For the high vacuum required in connection with steam turbines 
the surface condenser is more commonly used although certain 
types of the jet condenser are now designed for this particular 
class of work. 
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CHAPTER IX. 
PIPING FOR POWER PLANTS. 

325. Drawings, — All heavy piping for power and heating work 
should be carefully laid out to scale in order to determine if there 
IS sufficient room for the necessary fittings. In plants of large 
size it is customary to prepare separate drawings of the diflferent 
systems such as high pressure, exhaust, feed and condenser piping, 
etc., as this simplifies the work of installation. Assembled draw- 
ings, including all of the different systems should also be made in 
order to avoid interference and to present the general scheme of 
piping as a whole. 

Piping Materials. 

326. Metals Employed. — Wrought iron, mild steel, brass and 
copper are the materials commonly employed in the manufacture 
of pipe for power and heating work. 

Formerly, wrought iron was used in the best class of work, and 
is still preferred by some engineers, on account of its greater 
ductility and resistance to corrosion as compared with steel. 

Improvements in the manufacture of steel have now made it 
practically equal to wrought iron for general piping work, and 
owing to its lower cost it is now extensively used both for power 
and heating. 

What is commonly known as wrought-iron pipe is really mild 
steel and is usually furnished unless "puddled iron" is actually 
called for. 

Brass is generally employed for all feed piping between the 
pumps and boilers on account of its resistance to corrosion and 
pitting. 

Weight and Strength of Pipe. 

327. Classification and Use. — Wrought-iron and steel pipe are 
commonly classified according to weight or thickness of material 

294 
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as "Merchant" or "Standard," "Full-weight," Extra Heavy," and 
"Double Extra Heavy." Standard pipe is commonly used for 
heating work, exhaust lines, and all pressures below 100 pounds. 
For pressures of 100 to 200 pounds, full-weight pipe should be 
employed, and some engineers start with extra heavy pipe at 150 
pounds. 

Tests show the actual bursting pressure of mild steel pipe from 
2 to 6 inches in diameter to range from 5,000 to 3,000 pounds per 
square inch, and it is commonly subjected to a hydrostatic pres- 
sure at the mills of 500 to 1,000 pounds. Extra heavy and double 
extra heavy pipe is tested to a maximum pressure of 1,500 pounds. 
The extra thickness of metal is employed largely for offsetting 
the effects of corrosion and prolonging the length of the pipe 
rather than for strength when new. While extra heavy pipe is 
often employed for the higher pressures it is not so flexible as the 
full-weight pipe, and for this reason the latter is usually preferred 
in the average plant of moderate size. 

Extra heavy pipe, however, should always be used for the 
blow-off connections to boilers, for buried returns, and in all other 
cases where the pipes occupy inaccessible places or are especially 
exposed to corrosion. 

Standard and full-weight pipe are designated by the nominal 
inside diameter up to and including 12 inches. Above this the 
outside diameter is employed. 

The heavier weights of pipe have the same outside diameter as 
the standard, the extra thickness of metal being added to the 
inside, thus making it possible to use the same size of fitting for 
each weight of pipe. 

Riveted pipe of sheet steel or boiler plate is sometimes used 
for low pressures where large diameters are called for. While 
amply strong for the pressures carried it is not so durable as 
standard pipe owing to the lightness of the material. 

The brass pipe employed for feed and water connections is a 
seamless drawn tubing made in sizes to correspond with standard 
wrought-iron pipe. 

Table LXXVHI. gives data relating to standard weight 
wrought-iron pipe. 
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Table LXXVIII. 

DiBtENSIONS OF STANDARD WrOUGHT-IrON PiPE. 



Nominal 


Circumference. 


Cross Section 
Area. 


Length of pipe 
fori square foot of. 


Contents, 
1 foot length. 


Length 
fori 
cubic 
foot 
contenU 
feet. 


size, 
inches. 


External 
inches. 


Internal 
inches. 


External 
square 
inches. 


Internal 
square 
inches. 


External 

surface 

feet. 


Internal Weight 

surface of water. 

feet. pounds. 


U.S. 
galk>ii& 


H 


3.290 


2.589 


0.866 


0.533 


3.637 


4.635 


0.230 


0.023 


270. CO 


1 


4.131 


3.292 


1.357 


0.862 


2.904 


3.645 


0.373 


0.040 


166.90 


1^ 


5.215 


4.335 


2.164 


1.496 


2.301 


2.768 


0.648 


0.063 


96.25 


5.963 


5.061 


2.835 


2.038 


2.010 


2.371 


0.883 


0.091 


70.66 


2 


7.461 


6.494 


4.430 


3.355 


1.608 


1.848 


1.454 


0.163 


42.91 


2H 


9.032 


7.753 


6.491 


4.783 


1.328 


1.547 


2.072 


0.255 


30.10 


8 


10.996 


9.636 


9.621 


7.388 


1.091 


1.245 


3.202 


0.367 


19.50 


3)^ 


12.566 


11.146 


12.566 


9.887 


0.955 


1.077 


4.285 


0.500 


14.57 


4 


14.137 


12.648 


15.904 


12.730 


0.849 


0.949 


5.517 


0.642 


11.31 


5 


17.477 


15.849 


24.299 


19.990 


0.687 


0.757 


8.668 


1.020 


7.20 


6 


20.813 


19.054 


34.471 


28.889 


0.577 


0.630 


12.521 


1.460 


4.98 


7 


23.955 


22.063 


45.663 


38.737 


0.501 


0.544 


16.790 


2.000 


3.72 


8 


27.096 


25.076 


58.426 


50.039 


0.443 


0.478 


21.688. 


2.610 


2.88 


9 


30.238 


28.076 


73.715 


63.633 


0.397 


0.427 


27.580 


3.300 


2.29 


10 


33.772 


31.477 


90.762 


78.838 


0.355 


0.382 


34.171 


4.080 


1.82 


12 


40.055 


37.700 


127.677 


113.098 


0.299 


0.319 


49.017 


5.870 


1.27 


14 


47.124 


44.768 


176.715 


159.485 


0.255 


0.268 






0.90 


16 


53.410 


51.620 


226.980 


211.240 


0.225 


0.233 






0.68 



Fittings. 

Material and Use. — The fittings used for making up 
wrought-iron pipe are usually of cast iron, although cast and 
pressed steel are used to some extent for very high pressures and 
superheat. 

Cast-iron fittings are regularly made in two weights ; standard 
for pressures up to 100 or 125 pounds and extra heavy for higher 
pressures not exceeding 250 pounds. It should be borne in mind, 
however, that fittings usually fail from other stresses than those 
due to internal pressure, and the elimination of excessive ex- 
pansion strains, and pockets for the accumulation of condensa- 
tion, are of equal importance with the weight of fitting used. 

Flanged Joints. 

S29. Types Employed, — The matter of pipe joints is an im- 
portant one in high-pressure work and should receive careful 
attention. 

While screwed couplings may be employed for permanent work 
it is necessary to provide a large number of removable sections 
made up with joints which may be easily connected and discon- 
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nected both in erection and removal for repairs. Screwed brass 
unions are commonly used for pipes 2 inches and less in diameter 
and flanges for larger sizes. 

For pressures below 100 pounds the pipe may be simply screwed 
into the flange as shown in Figs. 170 and 171. In the first of these 
the flanges are plane and in the second recessed in order to pre- 
vent the packing from being blown out. While the latter arrange- 
ment makes a tight joint it is necessary to spring it apart when 
removing a section for repairs, which is often a difficult matter 
in the case of heavy piping. 

With higher pressures the points are apt to leak around the 
threads and other methods for attaching the flange to the pipe 
must be employed. One of the simplest of these is shown in Fig. 





Fie 170. 



FIf. 171. 



Fie 170. 
Fig. 171. 



Flanges with Plane Faces. 
Recessed Flanges. 



172 in which the inner edge of the flange is rounded and the end 
of the pipe peened as indicated in the cut. The joint illustrated 
in Fig. 173 is made by boring the flanges for a shrink fit and 
forcing them over the pipe at a red heat. After cooling, the end 
of the pipe is beaded over or flared into a taper recess in the flange. 

For sizes 4 inches and above the "Van Stone" or "lap joint," 
shown in Fig. 174, is extensively used. The pipe is flanged as 
indicated and faced off to give a true bearing. The flanges are 
loose on the pipe and are drawn up by means of bolts in the 
usual manner. 

The most satisfactory, and also the most costly method, is to 
weld the flange to the pipe as indicated in Fig. 175. In joints of 
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this kind the faces of the flanges are usually raised slightly inside 
the bolt circle and ground to a steam-tight fit. 

The designs shown in both Figs. 174 and 175 are adapted to 
high-pressure and high-temperature work although the latter is 
considered the standard. The gaskets used in connection with 
flanged joints should be selected with reference to the pressure 
and temperature of the steam. There are many varieties upon 
the market and a material adapted to the case in hand may be ob- 
tained from any reliable manufacturer. 

Valves. 

330, Gate Valves are generally employed in all steam lines as 
they oflFer a minimum resistance, and when properly placed, do 








Fig. 172. Fig. 173. 

Fig. 172. Bod of Pipe Peened over Flange. 

Fig. 173. Flange Shrunk in Place and Pipe Flared. 

not form pockets for the accumulation of condensation and scale. 
They should never be set, however, with the spindle in a vertical 
position and the hand-wheel downward, as an obstruction to the 
flow of water at the bottom of the pipe is formed if only partly 
opened. 

331, Globe Valves are used principally in connection with water 
piping and in vertical steam pipes, except the form known as an 
angle valve, which may often be employed to take the place of an 
elbow fitting in addition to its use as a stop valve. 

Globe valves of whatever form should always be set to dose 
against the pressure, and when used in horizontal steam pipes the 
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Straightway valve should be placed with the stem in a horizontal 
position. 

332, Points to be Considered. — Valves 3 inches in size and 
smaller are usually made with screw tops, while larger ones are 
provided with bolts and flanges. For high-pressure work the out- 
side yoke and screw pattern is preferable, as the engineer is able 
to tell at once the position of the gate, and for this reason they are 
commonly employed for valves 4 inches in size and over. In the 
case of exhaust piping in isolated plants the inside screw valve is 
more frequently used on account of the limited space required. 

High-pressure valves 8 inches in size and larger, should in gen- 
eral, be of the by-pass type. Valve bodies are usually made of 
brass for sizes up to and including 2^^ inches, and of cast iron 




M 



^zzzzzzz^:^. 



\ 




Fig. 174. Fig. 175. 

Fig. 174. Van Stone or Lap Joint 
Fig. 175. Flanges Welded to the Pipe. 

and steel for the larger sizes, the latter material being adapted 
especially to high temperatures and pressures. 

Valve seats and disks should always be of a material adapted 
to the temperature of the steam. Babbitt metal is commonly em- 
ployed for low pressures, bronze for high pressures, and nickel 
for superheated steam. 

333. Special Valves. — When several high-pressure boilers are 
connected with a common header, automatic non-return valves are 
often provided at the outlet nozzle of each in place of the ordinary 
gate or angle valve. These are designed to act as a combined stop 
and check valve, and to close automatically in case of a sudden 
rush of steam from the header to the boiler, such as might occur 
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with the blowing out of a tube. Valves of this type also serve to 
equalize the pressure- between the different units of a battery. 

In large power plants emergency valves are usually placed in 
the various high-pressure mains and arranged to be operated from 
a distance. When used in the lead to an engine or turbine they are 
generally controlled by a special governing device which closes 
them upon a certain increase in speed. Pressure reducing valves, 
back-pressure valves, safety-valves, blow-off valves, and checks 
have been fully described in a previous volume and will not be 
considered here. 

Pipe Expansion. 

SS4. Amount of Expansion. — ^The expansion of wrought-iron 
and steel pipe under different conditions, may be determined by 
the formula 

/= 0.00009(71— r,)L 
in which 

/ = increase in length, in inches. 
Ti = temperature of the steam in the pipe. 
T, = temperature at which the pipe was fitted. 
L = original length of pipe, in feet. 

Example. — A steam main 150 feet long is erected at a tempera- 
ture of 50 degrees. How much will it increase in length when 
filled with steam at 150 pounds gauge pressure? 

Tj = 366 (from Table LXII.). 
T^ = 50. 
L= 150. 
which substituted in the formula gives 

/= 0.00009X(366— 50)X150 = 4.3 inches. 

S35. Providing for Expansion. — The method of providing for 
the expansion of steam piping will depend largely upon local con- 
ditions. The use of expansion joints and the location of anchors 
for long runs of horizontal piping have already been discussed in 
Paragraphs 173 to 176 in connection with central heating. In iso- 
lated plants, the runs of piping are of comparatively short length 
especially those between boilers and engines, and the expansion in 
high-pressure systems is largely cared for by means of offsets and 
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long radius bends, examples of which are illustrated in Figs. 176 
to 183. The first of these is the simplest method employed for 
taking up the expansion in a straight run of pipe where there is 
ample space between centers. For limited spaces the form shown 
in Fig. 177 may be used. 

For pipes of larger size, greater flexibility may be secured by 
employing manifolds connected by a number of small bends, the 





FIc 176. Fiff. 177. 

Fig. 176. Standard BzpanBion Loox». 

Fig. 177. Special Form of Bipanaion Loop. 

total capacity of which is equal to that of the main pipe. An ar- 
rangement of this kind is illustrated in Fig. 178. 

When there is not sufficient space for a spring offset, a double- 
swing, or swivel joint is often used in which the movement is 




Fig. 178. Multipla Ezpansion Loop. 

taken up by the turning of the short vertical pipes within the 
fittings. This method is only adapted to pipes below 8 or 9 inches 
in diameter, and where the movement is not excessive, as the 
continual turning of the pipe tends to wear the threads and loosen 
the joints. This arrangement is confined largely to heating and 
other low-pressure work. 

Different methods of making the connections between the 
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boiler nozzles and main headers by means of sweep bends are 
shown in Figs. 179, 180 and 181. 

When space is limited and the movements due to expansion are 
small, cast-iron fittings may be employed as in Fig. 182. 

An approved method of connecting two headers is shown in 
Fig. 183. This makes use of a U-bend with valves at each end to 
avoid the formation of a pocket. 

336. Design of Pipe Bends and Offsets. — ^The radius of a pipe 
bend should never be less* than five diameters and a length of 
straight pipe equal to two or three diameters should be provided 
at each end for handling in the process of bending and for the 
attachment of guides or other supports. 

The required length of pipe in a bend or offset to take up a 
given amount of expansion is given in Table LXXIX., which is 




Flc. 179. Flc. ISO. 

Fif. 1 79. Common Form of BoUer Lead. 
Fig. 180. A More Flexible Form of Lead. 

based upon a maximum fiber stress of 12,000 pounds per square 
inch in the pipe. 

In using the table it should be remembered that the point of 
failure in work of this kind is at the joints rather than in the 
pipe itself and it is best in practice not to exceed about one-half 
the quantities given in Column 1 for the corresponding offsets, 
unless great care is taken to remove the strain from the fittings 
by means of anchors and guides. In any case extra heavy fittings 
should be used, and for high-pressure work only the welded or 
Van Stone flange should be employed under these conditions. 

The length of pipe in the expansion piece may be the same 
whether in the form of a single right-angle offset, a double offset 
or U-bend. 
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Table LXXIX. 
Length of Expansion Offsets and Bends. 
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Feet of pipe in offset at U bend for different diameters 


■ ■■ 


Total 






of pipe. 






























in inches. 


2 


3 


4 


6 


6 


8 


10 


12 


14 


16 




inches. 


inches. 


inches. 


inches. 


inches. 


inches. 


inches. 


inches. 


inches. 


inches. 


1 


11 


13 


16 


17 


19 


21 


23 


25 


27 


30 


2 


15 


18 


21 


23 


26 


29 


32 


35 


38 


42 


3 


18 


22 


26 


29 


32 


36 


40 


43 


48 


52 


4 


21 


26 


30 


34 


37 


42 


47 


50 


56 


58 


5 


24 


30 


34 


38 


41 


47 


53 


57 


63 


65 


6 


27 


33 


37 


41 


45 


52 


58 


63 


69 


71 


7 


30 


36 


40 


44 


48 


56 


62 


68 


74 




8 


32 


39 


43 


47 


52 


60 


66 


72 







557. Method of Reducing Stress. — In order to reduce the stress 
in piping it is customary to install the expansion pieces cold and 
spring them in such a direction that when filled with steam, and 
raised to a high temperature, the final position will approximate 
that of the normal. 

558. Anchors, — All anchors should be rigid -to secure the best 
results and where the strain is always in the same direction the 
pipe may be solidly fastened to a beam or pier. Figs. 184 to 187, 
inclusive, show various methods of anchoring and supporting the 




Flf. 181. Typical Connection 

between Boiler and Main 

Header. 

mains in fire-proof buildings and the corresponding locations of 
expansion joints when these are used. Forms of anchors and 
guides used in connection with slip and corrugated joints are 
shown in Fig. 188, 

Pipe Supports. 

339. Forms Employed Under Different Conditions. — Steam 
and exhaust pipes should not only be strongly supported, but pro- 
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vision must also be made to allow for the movement due to ex- 
pansion and contraction. 

Supports are classified as hangers, wall brackets, and floor 
stands. 

Hangers are commonly attached to the overhead construction, 
clamps being used for connecting with iron beams while plates 
or bars are embedded in reinforced concrete to which the hangers 
may be attached. All hangers should be adjustable in order to 
secure proper alignment of the piping and should be free to swing 
with the expansion. 

Three types of wall supports are shown in Figs. 189, 190 and 
191. In the first of these the pipe rests in a cradle or guide and 
is free to slide in either direction with the expansion and con- 



J^IPO 




Fig. 182. Boiler CoimectioiM for Fig. 183. Method of 

fAfwtif^ Head Room. Coimecting Two Headen. 

traction. For larger pipes a roller bearing is preferable as illus- 
trated in Fig. 190. In both cases alignment is secured by the use 
of adjusting nuts and slots. Where it is necessary to prevent the 
pipe from buckling under expansion an arrangement similar to 
that in Fig. 191 may be used in which the pipe is held in position 
by means of an upper roll and a pair of spring rods or supports. 
Typical methods of anchoring pipes to wall brackets are shown in 
Figs. 192 and 193. 

In the case of floor stands the construction is practically the 
same as above described except the rolls or cradles are supported 
upon cast-iron standards or concrete piers instead of wall brackets, 
(see Fig. 184). 
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SJfO, General Requirements, — ^All steam and hot-water piping 
should be insulated with sectional covering of a material adapted 
to the temperature of the pipe. For high pressure pipes over 4 
inches in diameter the covering should be from 1 14 to 2 inches in 
thickness according to size. For smaller pipes and low-pressure 
work 1 inch is usually sufficient. 




F!f. 184. Pipe ICain Supported on Piers. 

Boiler drums, heaters, tanks, smoke pipes, etc., should be in- 
sulated with a good form of block covering finished with plastic 
cement, having a total thickness of at least 2 inches. 

Wherever insulation of any kind is liable to mechanical injury 
it should be provided with an extra covering of heavy canvas. 




Fig. 186. Pipe Supported on WaU. 

The saving eflfected by the use of a suitable commercial covering 
properly applied will amount to 75 to 90 per cent of the heat loss 
from the bare pipes. 

Pipe Sizes. 

Sil. Method of Computing. — While the pipe connections be- 
tween boilers and engines are often proportioned according to the 
size of outlets furnished by the builders, this method should only 
be followed to a limited extent as it gives sizes considerably larger 
than are ordinarily required and thus adds unnecessarily to the 
cost of the plant. 
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For ordinary conditions satisfactory results may be obtained 
by assuming a velocity of flow based upon actual experience and 

proportioning the pipes ac- 
cording to the weight of 
steam they are to carry in 
a given time. 

The velocities used de- 
pend primarily upon the al- 
lowable drop in pressure, 
which is commonly taken 
from 1 to 2 pounds for each 




Fig. 188. Pipe Main Hunc from CeiUng. 



100 feet length in the case of saturated steam. 

With straight runs of pipe, velocities of 5,000 
to 10,000 feet per minute for diameters of 4 to 
12 inches will give results within the above 
limits, but on account of bends, valves and other 
obstructions found in actual piping systems, it is 
well to reduce the above velocities about 20 per 
cent, making the range from 4,000 to 8,000 feet 
per minute. 

Velocities for intermediate pipe sizes may 
be proportioned according to their internal 
areas by use of Table LXXVIII. 

For superheated steam, velocities of 5,00U 
to 10,000 feet may be used in place of the 
above. 

In case of exhaust pipes the velocity should be 

kept low in order 
to reduce the back 
pressure; and ve- 
locities from 
2,000 to 4,000 
feet per minute 
may be used 
for pipes rang- 
ing from 5 to 
15 inches in diameter for average conditions. 





Fie 188. Details of Anchor 
and Guide. 



Fiff. 187. Metiiod of Svp- 
porting a Large Riser. 



When the mains are much over 200 feet in length it is well to 



Digitized by 



Google 



PIPING FOR POWER PLANTS 



307 



check the sizes computed as above by the methods given in Para- 
graph 171. 
When based on the velocity of flow the formula 

. lUXiVXS 
^ = y 

may be used, in which 

A = internal area of pipe in square inches, (see Table 

LXXVIII,). 
IV = pounds of steam flowing through pipe per minute. 
5" = volume of 1 pound of steam, in cubic feet, at given 

pressure and temperature, (see Table LXXX.). 
V^= velocity of steam, in feet per minute. 

Table LXXX. 
SpEanc Volume op Steam. 



Gauge 


Voliime of 1 pound of steam, 
in cubic feet, (5). 


pounds per 
square inch. 


Saturated. 


Superheated 
150 degrees. 


80 
100 
120 
140 
160 
180 
200 


4.6 
3.8 
3.3 
2.9 
2.6 
2.3 
2.1 


6.7 
4.7 
4.1 
3.6 
3.2 
2.0 
2.6 



Example. — ^What size steam pipe will be required to supply 300 
pounds of steam per minute at 180 pounds pressure and 150 de- 
grees superheat, allowing a velocity of 6,000 feet per minute? 

IV =300. 

S = 2.9, (from Table LXXX.). 
V = 6,000, 
which substituted in the formula gives 



A = 



144X300X2.9 

poo 



= 20.8 square inches. 



Referring to Table LXXVIII. this is found to correspond 
closely to a 5-inch pipe. 
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Steam Leads to Turbines* Pumps, and Engines. 

8^2. Method of Determining Size, — In the case of turbines, 
and direct-acting pumps taking steam at full stroke, the how 
through the supply pipes or leads is practically continuous, and 
the weight to be passed through the pipe per minute is given by 
the equation 

D. H. P.XW. R. 



W^ 



60 



in which 

W = pounds of steam per minute, 
D. H. P. = delivered or brake horse power. 
W. R. = water-rate, in pounds of steam per D. H. P. per hour. 






Ftg. 189. Fie 190. Fie 191. 

Fig. 189. WftU Support for a Medium Size Pipe. 

Fig. 190. Wall Support for a Large Pipe. 

Fig. 191. Pipe Support with Upper Roll. 

With reciprocating engines, cutting off at a fraction of the 
stroke the conditions are different, as the total amount of steam 
supplied must flow through the pipe during the admission periods 
only. That is, for one-fourth cut-off the entire volume of steam 
supplied per minute must actually pass through the pipe in one- 
fourth of a minute. With a receiver separator of good size close 
to the throttle we may assume the total flow to take place in three- 
fourths of a minute. Therefore, for reciprocating engines we 
have 

^_ D.H.P.XW.R. ^^ 
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in which 

r = the ratio of expansion, where the supply pipe leads di- 
rectly from the main header to the cylinder, and 

D. H. RXW. R. 4 
60 ^3 

when a receiver separator, having a volume at least three times 
that of the cylinder, is placed close to the throttle. 

Example. — A lOO-horse-power engine, without a receiver, cut- 
ting off at one-third stroke, requires 30 pounds of saturated steam 
per D. H. P. per hour. Initial pressure 120 pounds per square 
inch. 





Fig. 192. Fig. 193. 

Fig. 192. Strap Anchor. 
Fig. 193. Special Clamp Anchor. 



What diameter of steam pipe will be required for a velocity of 
approximately 5,000 feet per minute? 



Pr = 



A = 



100X30 
"~60 



X3 = 150. 



144X150X3.3 

poo 



14.2 square inches, 



which is sHghtly more than the area of a 4-inch pipe. 

SJfS. Receiver Separators. — Mention has already been made of 
placing a receiver separator in the supply pipe close to the cylinder. 
The advantage of this arrangement is to provide a means of 
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cushioning the steam near the throttle, thus preventing vibration 
in the piping system and producing a uniform flow of steam from 
the boiler to the engine. To be effective the separator should have 
a volume at least three to four times that of the cylinder. With 
these proportions the main header may be reduced to a size just 
sufficient to carry the steam at the desired velocity, while the 
leads from the header to the separators may be made from one 
to two sizes smaller than called for by the engine builders, 
keeping the connection between the throttle and cylinder, how- 
ever, full size. 

344. General Considerations. — In determining the size of any 
given pipe for whatever purpose the maximum requirements 
should be taken into account For example, in the case of boiler 
leads an allowance for 30 to 50 per cent overload should be pro- 
vided, and so on for other conditions. 

The required size of main header at the boilers will depend 
upon the provisions made for the removal of moisture from the 
steam. WTien large and efficient separators are furnished near 
the throttle valves the size of header may be based upon the flow 
of steam the same as any other main without regard to the mat- 
ter of drainage, 

Sjrstems of High Pressure Piping. 

345. General Rules for Design. — While it is customary in cen- 
tral stations to lay out the piping systems along general lines, it 
is not possible to do this to any great extent in isolated plants, ex- 
cept perhaps, in the case of factories and institutions where sep- 
arate power houses are provided. There are, however, certain 
general rules which should be followed in any case and which 
may be readily adapted to the conditions ordinarily found in this 
class of work. Among these may be mentioned the following: 

1. — The steam should be carried from the boilers to the engines 
in as direct a manner as possible under the existing conditions. 

2. — The piping should be well supported and anchored to pre- 
vent vibration, while at the same time provision must be made to 
care for the movements due to expansion and contraction. 

3. — All piping should be made steam and water-tight by the use 
of joints and packing adapted to the special conditions for which 
it is used. 
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4. — Radiation losses from pipes and other heated surfaces 
should be reduced to a minimum by the use of suitable insulation. 

5. — Supply piping should be so proportioned as to deliver the 
required amount of steam without too great a drop in pressure. 
At the same time the velocities in large plants should be increased 




Fig. 194. Single Header STstem of Piping. 

sufficiently to avoid the use of excessively large pipes. Low 
velocities should be maintained in exhaust lines in order to re- 
duce the back pressure upon the engines to a minimum. 

6. — The system should be divided into sections, or duplicated 
sufficiently to avoid serious delay in case of repairs. Separate 
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headers for engines and auxiliaries are recommended in plants of 
medium and large size. 

7. — The drainage system is an important detail and special 
care should be given to the removal of condensation from all sep- 
arators, headers, or low points in the piping which cannot be 
avoided. 




Fif. 195. Single Loop System of Pipiiig. 

Four different arrangements of high-pressure piping which 
may be adapted to isolated plant work are shown in Figs. 194 to 
197. 

3J/6. Single-Header System. — ^The single-header system, illus- 
trated in Fig. 194, is one of the simplest and most frequently used 
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in this class of work. When valved as shown in the diagram each 
pair of units is independent and may be cut out without interfering 
with the remainder of the plant. It will be noted that each section 






m 




Fig. 196. Donble Loop Syitem of Pipiiig. 

of the header has a separately valved connection leading to the 
auxiliaries. 

347, Single-Loop System. — One form of the loop or ring sys- 
tem is shown in Fig. 195. This is especially adapted to office 
buildings where there are several engines and auxiliaries to be 
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supplied. The main is so valved that any single unit or any num- 
ber of adjacent units may be cut out independently of the others. 
348. Double-Loop System. — This is similar to the above except 
an independent header is provided for the auxiliaries (see Fig. 




Fig. 197. Spider System of Pipinc. 

196). This system is adapted to the same conditions as the single- 
loop system and is preferable in plants of large size. 

S49. Spider System. — The arrangement shown in Fig. 197 is 
frequently used in small plants as it shortens the main header, 
thus reducing the cost of construction. It also brings the prin- 



Digitized by 



Google 



PIPING FOR POWER PLANTS 



315 




Digitized by 



Google 



316 



COMBINED POWER AND HEATING PLANTS 




Digitized by 



Google 



PIPING FOR POWER PLANTS 



317 



cipal valves close together, which is often a matter of great con- 
venience. 

S60, Typical Sy sterns. — A common arrangement of equipment 
and piping for a factory plant, where there is ample space, is 
shown in Fig. 198 and is given especially for comparison with the 
typical office building lay-out illustrated in Fig. 199. These two 
cuts are shown for the purpose of emphasizing the wide variation 
in the arrangement of plants in different types of buildings and 
the necessity of making a special study of the requirements in 
each particular case. The essential features of a small isolated 
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Ffg. 200. Piping Diagnun for a Small Power and Heating Plant 

plant arranged for heating either with live or exhaust steam are 
shown in Fig. 200, which illustrates the general method of con- 
necting the piping in a plant of this kind. Live steam is fed into 
the system through a pressure reducing valve and the connec- 
tions are so arranged that the exhaust may either be turned into 
the heating main or discharged outboard through a back-pressure 
valve. The condensation from the heating system is trapped into 
a vented receiver and pumped back to the boilers through a feed- 
water heater as indicated. 
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Piping Details. 

The following diagrams illustrate the general principles to be 
followed in making the connections between the various pieces 
of apparatus in combined power and heating plants and will be 
found useful as guides in laying out new work. 

S51. Connections Between Boilers and Engines, — ^The usual 
methods employed for making the connections between the boiler 
outlets and the main header have already been shown in Figs. 
179 to 182. The leads from high-pressure boilers should, in gen- 
eral, be provided with two valves, located in such a manner as to 
avoid the formation of pockets. When a non-return valve is em- 
ployed, it may be made to take the place of one of the stop- 
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Fig. 201 . Diagram of Exhaust Heating ConnectionB. 



valves. These are usually of the angle pattern and are placed 
directly above the boiler nozzle. 

If two valves are used, as noted above, they should be so ar- 
ranged that one will close against the boiler pressure and the other 
against the header pressure. Connections between the main 
header and the engines have already been described in Paragraph 
343. 

S5S, Exhaust Heating Connections. — ^A typical lay-out of the 
supply and return connections for an exhaust heating system with 
a gravity return to the receiving tank is shown in Fig. 201. In 
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a general way the arrangement is similar to that illustrated in 
Fig. 200 except the piping is shown in more detail. The heating 
main is connected for both live and exhaust steam and the base- 
ment returns are sealed by means of a water-line trap. 

S5S, Connections for Feed-Water Heaters. — The steam con- 
nections for open heaters have already been illustrated in Fig. 154. 
In the ca.se of closed heaters the general arrangement is similar, 
two common methods being shown in Figs. 202 and 203. In the 
first of these, called a "through" heater, all of the steam passes 
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FIs. 202. Fif . 203. 

FIf. 202* Throoch Coanection for a Feed- Water Heater. 
Fig. 203. Indttction Connection for a Fee4- Water Heater. 

through the heater under ordinary conditions, although a portion 
may be deflected through the by-pass if desired. In the "induc- 
tion" arrangement, shown in Fig. 203, the piping is simplified and 
the number of valves reduced by making a single steam connec- 
tion with the heater. This is done in such a manner that steam 
will tend to be driven into it before any of the surplus passes out- 
board. Either method will operate satisfactorily when properly 
installed, and a choice between the two is usually governed by the 
available space or other local conditions. 
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S5U. Connections for Jet Condensers, — ^A typical arrangement 
of a jet condenser and a primary feed-water heater is shown in 
Fig. 204. The placing of the valves is such in this case that the 
steam may be passed directly outboard or turned through the 
heater into the condenser. Should it be desired to run non-con- 
densing and turn the exhaust into the heating system it may be 
done by manipulating the two valves directly above the con- 
denser. In the arrangement shown, the heater drains into the 
condenser without special connections. When this is not possible, 
and the heater must be placed at a lower level, a return trap is 
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Fig. 204. Piping Dkgnun for a Jet CondoiMr and 
Primary Feed- Water Heater. 

necessary to discharge the condensation, which is at condenser 
pressure, against that of the atmosphere. 

355, Connections for a Surface Condenser. — The general 
method of making the steam and water connections for a con- 
densing outfit employing a surface condenser is shown in Fig. 
205. The steam connections here are similar to those for the 
jet condenser above described, the valve arrangement being such 
that the exhaust may be passed into the condenser, turned out- 
board, or into the heating system as desired. The condensation 
in this case is discharged into a hot-well and returned to the boilers 
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through a feed-water heater supplied with exhaust steam from 
the auxiliary pumps. 

The heater arrangements shown in Figs. 204 and 205 are often 
combined in large plants where the exhaust from the auxiliaries is 
not sufficient for all requirements. In Fig. 205 an oil separator is 
placed in the exhaust line leading to the condenser. The cold 
feed or "make-up" water is supplied to the hot-well through a 
separate connection not shown in the cut. 

356, Condenser Arrangement, — Two general arrangements are 
employed in this case, the independent or sub-divided system 
where each engine is provided with its own condensing equipment, 
and the central system in which one condenser suffices for all 




Fig. 205. Typical Piping Plan for a Surface Condenser. 

of the engines. The first of these is confined principally to central 
stations and to plants employing large turbines. In isolated plants 
where the condensing equipment is used only in the non-heating 
season or where the requirements are more or less variable, a 
single condenser is usually employed as shown in Fig. 206. This 
arrangement is especially adapted to the conditions stated above, 
the connections being so made that the entire plant may be run 
either condensing or non-condensing, or a portion of the en- 
gines may be operated condensing while the remainder exhaust 
into the heating system. 
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S57, Location of Oil Separator.— Tht location of the oil sepa- 
rator, with reference to the feed-water heater, will depend some- 
what upon circumstances, but in general, it should be placed 
between the engine and heater, as shown in Figs. 202 and 203. 
The reason for this is to prevent the tubes from becoming coated 
with oil which reduces the transmission of heat through them. 
In some cases it is more convenient to place the separator in the 
heating main, as shown in Fig. 201, and allow the exhaust to pass 
into the heater without purification. This is sometimes done in 
heating plants where the quantity of "make-up" water is small 
and a slight lowering of the tube efficiency is not of great im- 
portance. In the arrangement illustrated in Fig. 204 the oil sepa- 




Fig. 206. Typical Pipiiig Plan for a Central Condenaing Plant 



rator might be placed in the exhaust main, above the heater, pro- 
vided there was sufficient space, thus ensuring cleaner tubes, as 
previously noted. The lay-out shown is especially adapted to close 
quarters and might be made still more compact by placing the 
heater near the ceiling and making the exhaust connection in the 
side instead of the top. When the separator is located between 
the engine and heater, the drainage from the latter, being free 
from oil, may be trapped to the receiving tank. In the case of a 
turbine plant, no oil separator is required, except in the exhaust 
line from the auxiliaries. 

What has been said regarding the relation between the oil sepa- 
rator and feed-water heater also applies to the surface condenser 
for the same reason. 
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Feed- Water Piping. 

358. Method of Making Connections. — A typical arrangement 
of the feed- water piping for a non-condensing plant is shown 
in diagram in Fig. 207. Cold water from the supply main enters 
at the left and there branches, one line leading to the injector, 
which is used for emergency purposes only, and the other leading 
to the feed pumps. The feed-water heater is supplied with steam, 
both from the engines and pumps. The pumps are in duplicate, 
each being of sufficient capacity to do the entire work, and all 
equipment is by-passed as indicated. 

The connections for a condensing plant are shown in Fig. 208. 
In this arrangement the cold water and condensate from the 
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Fig. 207. DiAgram of Fee4 System for a iron-Condensmf Plant 

discharge pump are turned into a hot-well, from which the feed 
pumps take their supply. Both primary and secondary heaters 
are provided in this case, the first being placed in the main ex- 
haust line from the engines and the second taking the pump ex- 
haust as indicated. The injector connections are practically the 
same as before. 

359. Feed Supply from Storage Tank. — It sometimes happens 
in manufacturing plants that considerable quantities of hot water 
are available at irregular periods, as from steam presses or other 
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mechanical processes. This water may often be utilized for 
boiler feeding by an arrangement similar to that shown in Fig. 
209. A large storage tank is placed above the pump receiver 
and provided with an overflow and vent. The hot-water sup- 
ply enters at the top, and the bottom of the tank is connected 
with the pump receiver by means of a ball-cock which admits 
water to the receiver as needed. When the hot water supply is 
insufficient for boiler requirements cold water is admitted to the 
storage tank through a ball-cock located near the bottom. 

360. Boiler Feed Connections, — A diagram illustrating the dif- 
ferent methods of placing the valves in the feed pipes to the in- 
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Fig. 208. DUsnun of Feed Syitem for a Condeiiiliic Plant 



dividual boilers of a battery is shown in Fig. 210, in which "A" 
is a stop valve, "B" a check valve, and "C" a regulating valve. 

Beginning at the left, No. 1 shows the most approved arrange- 
ment where the boilers are operated continuously and the regulat- 
ing valve is subjected to hard usage. In this case the stop valves 
are left wide open, except in case of repairs to the check or regu- 
lating valve, and are, therefore, ordinarily free from wear. In 
Nos. 2 and 3 one stop valve has been omitted and the regulat- 
ing valve is made to take the place of a stop valve in case of re- 
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pairs to the check. These are the ones most commonly employed 
in practice. In heating work the stop and regulating valves are 
usually combined as in No. 4. This makes it necessary to shut off 
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Fig. 208. Pipe Coimectioas for a Hot-Water Storage Tank. 

the pressure in the feed main in case of repairs to the check valve 
and should not be used in power work or in large and important 
heating plants. All frequently used valves in the feed pipe should 
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Fig. 2 1 0. Typical Valve Arrangement for Boiler Feed Pipes. 

be accessible from the boiler room floor, if possible, or from a 
platform at the engine room level. The latter arrangement is 
often adopted in the case of high water-tube boilers, or extension 
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Stems may be used as shown in connection with boiler No. 2, 
Fig. aiO. 

Size of Feed Pipe. 

36 1. Method of Computing, — In computing the size of feed 
pipe for a boiler it is customary to provide for a capacity 
twice that required at its normal rating, and proportion the pipe 
for a velocity of about 100 feet per minute for sizes ranging from 
1 to 2 inches. This calls for a sectional area of 0.026 square inches 
per boiler horse-power, which applies to the individual branches. 

The main for supplying a battery of boilers may be determined 
from Table LXXXL, which takes into account a higher allow- 
able velocity in pipes of larger size and the fact that all of the 
boilers will not require the full capacity of the pipe at the same 
time. 

Table LXXXI. 



Equation of Boiler Feed Pipes. 
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Drainage. 

362, Parts Requiring Drainage. — The drainage of condensation 
from the various parts of a steam system is an important detail 
of design and should receive careful attention. The parts re- 
quiring drainage in the average power and heating plant are 
the main steam header and branches to the boilers and engines, 
if pocketed in any way; steam and oil separators; exhaust heads; 
the bottoms of all risers, and all pockets in steam and exhaust 
mains and branches; engine cylinders and throttles; steam tur- 
bines; and closed feed-water heaters. While the condensation 
from the coils and radiators of a steam heating system comes 
under the general head of drainage, it is usually considered a part 
of the heating plant, and has already been treated in Chapter II. 
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S6S. Low-Pressure Drips. — These, as the name implies, in- 
clude all drips from the exhaust system, and as they usually con- 
tain oil, are commonly discharged into the sewer. In special 
cases where fuel is high and water scarce, the oil is removed by 
separating tanks or filtration and the water returned lo the boilers. 
As the drips from steam turbines do not contain oil they may be 
returned without purificatfon. When the drainage system is con- 
nected with a city sewer the drips must be cooled to 100 degrees 
or less by passing through a tank; the blow-off tank from the 
boilers being commonly utilized for this purpose. Drips from the 
heating mains and risers are taken back into the general return 
system. 

S6Jt. High-Pressure Drips, — Drips from all high-pressure pip- 
ing and steam separators, being free from oil may either be 
trapped to the receiving tank and pumped to the boilers with the 
condensation from the heating system, or they may be collected 
in a special receiver and returned by means of a "steam loop" or 
"Holly System." 

565. Drips from Engines, Turbines and Pumps. — Steam en- 
gines are dripped from each end of the cylinder, and from the 
steam' pipe just above the throttle, unless a vertical separator is 
used close to the cylinder. These drips are only opened for a short 
time when starting up and are commonly connected into the ex- 
haust pipe. The drainage of steam turbines varies with the type 
and construction, and should be designed with special reference 
to directions obtained from the makers. Steam pumps which 
are started by hand require the same treatment in the matter 
of drainage as an engine. Elevator pumps which work inter- 
mittently and are started automatically by changes in the pres- 
sure tank, should have the throttle drip connected with a trap in 
order to keep it clear continuously. 

566, Drip Connections for Steam Mains. — Steam mains and 
branches in which the flow is always in the same direction should 
have a pitch of 1 inch for each 20 to 40 feet of length. Headers 
in which the flow may be in either direction should be placed level 
and dripped at each end. Some engineers use a single drip at the 
end of the line regardless of its length, while others make a con- 
nection every 125 or 150 feet with a drain pipe which is car- 
ried below the steam main back to the boiler room. 



Digitized by 



Google 



328 COMBINED POWER AND HEATING PLANTS 

The best method to employ in any given case will depend upon 
local conditions, such as the probable amount of condensation, 
the method of taking off leads to engines and pumps, and other 
details of a similar nature. In any case the object sought is the 
removal of water from all pockets and low points without surg- 
ing or water hammer. When superheated steam is used the mains 
and headers should be drained at frequent intervals as the pres- 
ence of water in the bottom of the pipe tends to produce an un- 
equal temperature which is liable to distort it and cause leakage 
at the joints. 

The ends of large mains and the bottoms of risers are most ef- 
fectively drained by providing a pocket the full size of the pipe, 
three or four diameters in depth, and connecting a drip pipe with 
the lower end. Where a pipe is reduced in size an eccentric fit- 
ting should be used to keep the bottom of the line level. If this is 
not possible, the larger section of pipe should be dripped at the 
point of reduction. 

S67. Sizes of Drip Lines, — ^The size of drip will depend some- 
what upon the length of the main, but for the conditions found in 
plants of medium size the following may be used : 

Table LXXXII. 

Diameter Diameter 

of main, of drip, 

inches. inches. 

I 1*^ 



8 
12 
16 2 



1^ 



S68. Traps, — The different types of steam traps employed in 
power and heating work have been described in detail in a pre- 
vious volume. Non-return traps, so-called, are used in all cases 
where condensation is to be discharged from a higher to a lower 
pressure. Return traps are required where the conditions are 
reversed, as in returning the condensation from a low-pressure 
heating system into a high-pressure boiler, and the draining of 
vacuum feed-water heaters against atmospheric pressure. 

Outboard exhaust risers are often drained through siphon loops 
of sufficient depth to balance the difference in pressure. 
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369. Blow-Off Connections. — Each boiler in a battery should 
be so piped that it may be blown off independently of the others. 
The size of connection is usually fixed by the makers, which also 
determines the size of the main pipe leading to the tank, as only a 
single boiler is blown off at once. Each connection should be pro- 
vided with a valve especially designed for this purpose, supple- 
mented by a gate valve for use in case of leakage or accident to the 
blow-off valve. 
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CHAPTER X. 
COMBINED POWER AND HEATING. 

Previous chapters have taken up the heating, ventilating and 
power requirements in different t)rpes of buildings independently, 
each being treated without special reference to the others. 

370, Combined Power and Heating, — In the present chapter 
the entire plant will be considered as a whole and all requirements 
involving the ultimate use of steam will be studied in connection 
with their relation to one another. The practical applica- 
tion of this will occur in the design of new plants for power 
and heating, the addition of power equipment to an existing heat- 
ing plant, and the utilization of exhaust steam for heating from 
a power plant already in use. 

After discussing certain conditions which are common to a 
greater or lesser degree in all isolated plants, a number of the 
more usual types of buildings will be considered in detail, show- 
ing what changes in piping and apparatus are necessary for con- 
verting a simple heating plant into a combined heating and power 
plant, and vice versa. Later, the cost of such changes will be 
studied to some extent, both from the point of installation and 
operation. The fact that conditions vary so widely in different 
t3rpes of buildings, and even in buildings of the same type, makes 
it impossible to give much general data which can be safely used 
broadcast. The method followed has been to assume specific 
conditions and work the problem out on that particular basis. 
While the assumptions for different buildings are sufficiently ac- 
curate to give the results some general value as applying to that 
particular class, the chief use of these problems is to illustrate 
the general methods to be followed. By substituting actual values 
from the conditions involved in any particular case results may 
be worked out with a good degree of accuracy. 

In general, it is usually economy to install lighting plants in 
large buildings and employ the exhaust steam for heating, or to 
utilize the exhaust for this purpose from power plants already in 
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use. While this may be true in a general way the amount of sav- 
ing will depend upon a considerable number of factors, such as 
relation of steam required for heating to the supply of exhaust 
at different parts of the day, length of the heating season, type of 
engines used, method of heating, cost of fuel, water, labor, etc. 
The total exhaust from a plant in twenty-four hours may be equal 
to the heating requirements during the same period, but if it is not 
properly distributed throughout the day a large amount may be 
thrown away at certain times which must be made up later by 
using live steam when the power output is at a minimum. Hence 
it is seen that a special study must be made of each individual case 
in order to determine the best possible arrangement and the final 
results as regards average economy of operation throughout the 
year. 

Available Exhaust 

871. Heat in Exhaust Steam, — The heat units carried away in 
the exhaust are equal to the total heat in the steam at admission, 
less that transformed into work and lost in cylinder condensation. 
This varies somewhat with the initial pressure, ratio of expan- 
sion and type of engine, but in the average case it is customary 
to assume that 80 to 90 per cent of the heat in the steam supplied 
to the engine is available in the exhaust for heating purposes. 
Another method which gives results similar to the above, is to 
assume an exhaust pressure of 1 to 5 pounds gauge, and estimate 
the weight of steam discharged from the engine as 80 to 85 per 
cent of that supplied. Knowing the latent heat of steam at 
exhaust pressure, (see Table LXII.), the total heat value is easily 
determined in any given case. 

872, Surplus Exhaust, — Unless there is some way of storing 
the heat from exhaust steam, any surplus which may be pro- 
duced at different periods of the day must be thrown away, as pre- 
viously stated and is therefore of no value. For this reason it is 
necessary to make a careful comparison of the exhaust produced 
and the heat required for each hour of the day, in order to deter- 
mine how much of the total exhaust is available and how much 
surplus or waste. Therefore, in all problems relating to combined 
power and heating, available exhaust and not the total is the im- 
portant factor to be considered. 
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Power Curves. 

S73. Method of Plotting. — The first step in making a com- 
parison of this kind is to determine the average indicated horse 
power required for all power purposes for each hour of the day 
and plot a curve which shall represent the pounds of exhaust 
steam produced, expressed in the equivalent of live steam at the 
heating pressure to be used, which commonly runs from 1 to 5 
pounds gauge. 

87 Jf, Power Requiref^ients in Old Plants, — If the power re- 
quirements are for a plant already in use it is a simple matter to 
determine them quite accurately for each hour in the day if en- 
gine room logs have been carefully kept for one or more preced- 
ing seasons. If the problem relates to a building having its own 
heating system, but buying electricity for power and lighting 
purposes from a central plant, the necessary 4^ta can be obtained 
from the meter records, provided they are read at hourly inter- 
vals, or have been automatically recorded. With this data at hand 
and knowing the type of engine it is proposed to install, the 
average quantity of exhaust steam can be quite accurately esti- 
mated. 

375, Power Requirements in New Plants, — In the case of a new 
plant in process of design, careful estimates must be made accord- 
ing to the proposed conditions of operation. For example, if 
the plant is for an office building, requiring power for lighting, 
and elevator service only, an estimate should be made of the 
probable number of lights in use for each hour in the day, and 
the indicated horse power of generator engine required for sup- 
plying them. The approximate power for operating the elevators 
should be taken up in a similar manner. The period of lighting 
will vary with the season of the year, and to some extent with the 
condition of the weather as to cloudiness. The hours for general 
lighting are easily obtained, together with the number of lamps 
which are burned all day. The proportion of cloudly weather to 
be provided for may be approximated from the weather reports 
of previous years. 

Power for elevator service can be estimated in buildings of 
this kind by assuming maximum requirements for an hour or so 
from 8 until 9 in the morning, again from 12 until 2, and again 
from 5 until 6, or such other hours as local custom may indicate. 
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During the remainder of the day the elevators may be assumed 
to run at one-half to one-fourth capacity, according to the char- 
acter of the business conducted in the building. In the case of 
a large store the power requirements would be more uniform. 

In many departments lights are on continuously and elevators 
operated at approximately full capacity throughout the day, or at 
least the service called for is nearly uniform. If ventilating fans 
and pneumatic cash systems are in use, the power required for 
these is practically constant. Attention is called to these particu- 
lar buildings simply for purposes of illustration, and a careful 
study must necessarily be made of each plant under consideration 
and every item of power determined so far as possible both as to 
time and amount. 

376, Power Requirements for the "Average Day.*' — While 
hourly averages are necessary in most buildings on account of the 
wide fluctuation of power requirements, daily reports are not so 
important, as the change from day to day is comparatively slight. 
For example, a good arrangement is to plot a curve for an 
average day representing the six working days of each week. 
Another curve may be plotted for Sunday if conditions are such 
as to require it for a proper study of the problem. 

A simpler method, and one which is sufficiently accurate for 
many cases, is to divide the heating season into months and com- 
pute the power and heating requirements for an average day in 
each. In a climate similar to that of New England, the heating 
season may be considered as beginning the middle of October and 
lasting until the middle of May, in average years. This divided 
into seven equal periods forms a good basis upon which to make 
computations of this kind unless very accurate results are re- 
quired. 

Steam Curves. 

577. Method of Plotting. — After plotting the power curve, in 
terms of the exhaust, the various steam requirements, other than 
for power, should be determined in a similar manner for each 
hour in the day and plotted on the same diagram. This shows at 
once the quantity of exhaust steam being furnished by the en- 
gines and that required for all heating purposes at any period of 
the day. 
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378. Steam Requirements for Heating, — ^The steam required 
for heating is not so easily obtained as that for power owing to 
the fluctuation of the outside temperature, variation in the 
strength and direction of winds, and the proportion of sunshine. 
The radiation in a building is designed for the coldest weather 
of the season, commonly taken as zero in the temperate zone. 
As the outside temperature may vary anywhere between this 
point and 70 degrees above during the heating season, it is evi- 
dent that the steam requirements cannot be based upon supply- 
ing the full amount of surface throughout the entire season. 

If the radiation could be equipped with a perfect system of 
automatic control so that an inside temperature of 70 degrees 
would be maintained at all times, the quantity of steam used 
would be in direct proportion to the difference between the inside 
and outside temperatures. Then by consulting weather charts for 
previous years approximate averages could be obtained for a 
series of days, weeks or months, as desired, and the probable 
steam requirements estimated with a considerable degree of ac- 
curacy. On the other hand, if all of the radiators were kept 
turned on throughout the heating season and the tempera- 
ture of the rooms maintained at 70 degrees by opening and clos- 
ing the windows, the system would be kept working at practically 
its maximum capacity regardless of outside temperatures, and 
the steam consumption would be so nearly constant that it could 
be easily determined. 

As a matter of fact, neither of these conditions actually pre- 
vails in practice and the only way to estimate the quantity of 
steam required in any given case is to assume perfect regulation 
of temperature in the building and base all computations upon 
average outside temperatures taken from the weather charts of 
several preceding years. Results obtained in this way may then 
be corrected for the system of regulation employed by means of 
factors taken from the curves in Fig. 211. The method of deter- 
mining these factors and their application to actual problems is 
taken up later in some detail. 

S79, Steam Requirements for the "Average Day/* — In making 
up an "average day" for each week or month of the heating sea- 
son, the average steam requirements for the same hour in each 
day of the given period should be computed. While this may 
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seem at first to involve considerable labor, it is not difficult with 
the records at hand, and will be well worth the time expended 
by placing the later estimates upon a logical basis instead of 
trusting to rough approximations. 

380. Correcting for Outside Temperature. — Having made out 
a list of outside temperatures, from the weather charts, the next 
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Fig. 211. Facton for Different Metiiods of Tempermtnre RegnUtioii. 

Step is to determine the quantity of heat required for warming 
the building Under these varying conditions. 

In the absence of strong winds the heat loss from a building is 
nearly proportional to the difference between the inside and out- 
side temperatures. For example, if the heat loss from a given 
room is 10,000 B. T. U. per hour when it is zero outside and 70 de- 
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grees above inside, the loss with an outside temperature of 35 
degrees will be ~X 10,000 = 5,000 B. T. U., or only one half as 

on 

much, and for 50 degrees above, ^ X 10,000 = 2,857 B. T. U., 

and so on. 

Referring to the chart. Curve No. 1 gives a simple means of 
finding the heat loss for any outside temperature when that at 
zero is known, and the inside temperature remains constant at 70 
degrees. The use of the curve may be illustrated as follows : A 
building contains 5,000 square feet of direct radiation, which are 
required to warm it in zero weather, it being assumed that each 
square foot of surface gives oflf 250 B. T. U. per hour when the 
rooms are at 70 degrees. On this basis how many pounds of 
steam at 5 pounds pressure will be required per hour when the 
outside temperature is at the following points: Zero, -flO deg., 
+20 deg., +30 deg., +40 deg., +60 deg. and +70 deg.? 

Referring to Curve No. 1, Fig. 211, we find the following fac- 
tors or multipliers ; 

Odeg. — 1.00 

H- 10 deg. — 0.86 

+ 20 deg. — 0.72 

H- 30 deg. — 0.57 

H- 40 deg. — 0.43 

+ 60 deg. — 0.29 

+ 60 deg. — 0.15 

H- 70 deg. — 0.00 

The latent heat oi steam at 5 pounds pressure is 960 B. T. U., 
hence, the weight required at zero temperature outside is 
5,000X250 



960 



-= 1,302 



pounds, or 1,300 pounds in round numbers. Correcting this for 
other outside temperatures by the above factors, we have the 
following results : 



Outside 




] 


Pounds of 


Temperature. 




Steam Per Hour 


Odeg. 


1,300 X 1.00 


» 


1,300 


+ 10 deg. 


1,300 X 0.86 


« 


1,118 


+ 20 deg. 


1,300 X 0.72 


*=> 


936 


+ 30 deg. 


1,300 X 0.67 


» 


741 


+ 40 deg. 


1,300 X 0.43 


=« 


559 


+ 50 deg. 


1,300 X 0.29 


8 


377 


+ 60 deg. 


1,300 X 0.15 


t= 


195 


+ 70 deg. 


1,300 X 0.00 


— 
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Corrections for Actual Conditions. 

S81. Effect of Temperature Regulation. — The steam consump- 
tion for heating under actual conditions will vary from the ideal 
described above according to the system used and the method of 
regulation employed. With the best systems of pneumatic control 
an average inside temperature of 70 degrees may be approxi- 
mately maintained, so that only the radiating surface in the mains 
and risers will be in service when the outside temperature reaches 
the same point. This method of control, which may be applied 
either to steam or hot-water heating, is the most efficient in 
use and approaches to a certain extent the ideal conditions given 
by curve No. 1. 

Next in point of efficiency, as regardls regulation, is the system 
of forced hot-water circulation. This is under the direct con- 
trol of the engineer and the water may be forced through the 
radiators at a, temperature depending upon that of the outside 
air. It is necessary, of course, to carry a water temperature suf- 
ficiently high to warm the coldest section of the building, hence, 
there will be more or less heat wasted through open windows in 
the warmer rooms, as is always the case when hand regulation 
by the occupants is depended upon. 

Next in order is the return-line vacuum system equipped with 
graduated hand-valves. The efficiency of regulation in this case 
depends so largely upon the care exercised by the individual oc- 
cupants that a considerable margin must be allowed for wasted 
heat. 

In the remaining system, still used to some extent, steam is kept 
on the building practically all of the time throughout the heat- 
ing season, and the tenants regulate the temperature of their 
rooms either by manipulating the radiator valves or by opening 
and closing the windows, usually the latter. This arrangement is 
necessarily wasteful in the use of steam and the requirements are 
hard to estimate. 

382. Factors for Temperature Regulation, — The determining 
of suitable factors for offsetting the steam wasted with different 
systems of regulation requires a considerable amount of prac- 
tical observation and results will be found to vary somewhat in 
the experience of different engineers. 
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In the absence of more exact information, curves 2 to 5 in Fig. 
211, may be used for the systems of control there noted. 

These factors are for average conditions and will vary con- 
siderably, depending upon the care and skill of the operating en- 
gineer and the extent to which the occupants make use of the 
radiator valves, graduated or otherwise. 

They are based upon the assumption that when the outside tem- 
perature reaches -|-70 degrees, 10 per cent of the heating capacity 
of the plant will be in use with automatic regulation ; 20 per cent 
with forced hot water ; 40 per cent with vacuum systems, and 60 
per cent with low-pressure gravity. In other words, with auto- 
matic regulation, all radiation except the mains and risers will be 
shut oflf at 70 degrees; with forced hot water the plant will be 
working at 20 per cent of its capacity ; with vacuum systems at 40 
per cent, and with gravity steam, 60 per cent of the radiators will 
still be turned on. 

Of course, under actual conditions the engineer will shut off 
heat from the building when the outside temperature reaches 70 
degrees, whatever the system in use, but the same relations hold 
for all temperatures between zero and 70 degrees. 

Applying these corrections to the preceding example, for an 
outside temperature of -|-40 degrees, it gives the following 
steam requirement in pounds per hour for different methods of 
heating : 

Pneumatic control 1,300 X 0.48 = 624 

Forced hot water 1,300 X 0.54 « 702 

Vacuum system 1,300 X 0.66 - 858 

Low-piessure steam (gravity) 1,300 X 0.77 = 1,001 

Practical Example in the Use of Power and Steam Curves. 

Having shown the general method of collecting and arrang- 
ing the data for making a comparison between the available ex- 
haust and the steam required for heating, let us now work out a 
practical example to show its application and also plot the two 
curves. 

Take the case of an office building requiring power for light- 
ing, elevator service, auxiliary pumps and fan motors, and steam 
for heating, ventilation, and hot-water supply. 

383. General Assumptions, — Let the maximum power required 
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for lighting be 100 Kw.; for elevator service, 160 I. H. P.; for 
fan motor, 6 I. H. P., and for the various auxiliary pumps, 10 
I. H. P.; all referred to the main engine. 

Let the power required for lighting on an average day for the 
assumed week be as follows, for the different hours which the 
building is to be occupied, either by tenants, attendants, or clean- 
ers, assuming that each kilowatt at the generator requires 1.75 
I. H. P. at the engine. 

Hour of day. Kw. for lighting. I.H.P of engine. 

5 a. m. to 7 a. m 5 9 

7 a. m. to 8 a. m 25 44 

8 a. m. to 4 p. m 35 62 

4 p. m. to 6 p. m 100 175 

6 p. m. to 9 p. m 20 35 

From 5 to 7 a. m. just enough lights are on for the use of at- 
tendants, etc. ; from 7 to 8, corridors and some additional rooms 
are lighted ; from 8 a. m. to 4 p. m. the regular day lighting is to 
be provided for, which includes basement, corridors, store light- 
ing, etc. ; from 4 to 6, the entire building is lighted, and from 6 to 
9 a portion of the lights are on for purposes of cleaning, repairing, 
etc. 

For elevator service the following may be assumed : 

Hour of day. I. H. P. of engine. 

7 a. m. to 8 a. m 50 

8 a. m. to 9 a. m 150 

9 a. m. to 12 noon. 75 

12 noon to 2 p. m 150 

2p. m. to4p. m 50 

4p. m.to5p. m 150 

5 p. m. to 6 p. m 75 

6 p. m. to 7 p. m 25 

7 p. m. to 9 p. m 5 

The ventilating fan is run continuously from 8 a. m. till 5 p. m. 
for first floor stores, and produces a steady load of 6 I. H. P. at 
the engine. 

The building is heated by forced hot water and the auxiliary 
pumps, including those for hot-water circulation, run from 6 a. m. 
till 9 p. m., requiring the equivalent of 10 I. H. P. at the main 
engine. 

The engines used for driving the generators are of the simple, 
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high-Speed, non-condensing type, with the units so divided that 
they run with fair economy throughout the day, and an average 
water-rate of 30 pounds of steam per I. H. P. per hour may be 
assumed. It is further estimated that the heating equivalent of 
the exhaust is equal to 85 per cent of the weight of steam supplied 
to the engines, at 5 pounds gauge pressure, as previously described 
for conditions of this kind. That is, in the present case, the 
equivalent of 30X0.85 = 25.5 or 25 pounds of steam in round 
numbers at 5 pounds pressure will be available for heating pur- 
poses in the exhaust, per hour, for each I. H. P. of the main 
engines. 

88^, Power Curve. — Working out the above computations sep- 
arately for each hour of the day for the total I. H. P. in use for 
all purposes during that time we have Table LXXXIIL, in which 
the first column under "I. H. P. for different purposes" gives the 
power required for lighting; the second, for elevator service; the 
third, for auxiliary and circulating pumps; and the fourth, for 
ventilating fans. 

The last column in the table gives the pounds of exhaust steam 
available for heating purposes during each hour of the day, and 
is found by multiplying the total I. H. P. by 25. 

Table LXXXIII. 







' 


Pounds of 


Hour of 


I.H.P. for 


Total 


exhaust 


the day. 


different purposes. 


I.H.P. 


steam per 
hour. 


5 to 6 


9 


9 


225 


6" 7 


9 +10 


19 


475 


7" 8 


44+ m^M 


104 


2.600 


8" 9 


62+i5n + io+fl 


228 


6.700 


9" 10 


62+ fri + Ki+fi 
62+ 7,'i+l[|+6 


153 


3.825 


10" 11 


163 


3,825 


11" 12 


62+ 7r)+lD+6 


163 


3.825 


12" 1 


62 + lVl+lf>+6 
62 + Inf^ + IU+6 


228 


6.700 


1" 2 


228 


6.700 


2" 3 


62+ ;V> + iO+0 


128 


3.200 


3" 4 


62+ ."^f + in+e 


128 


3.200 


4" 5 


175+l'Jl + 30+fi 


341 


8.526 


5" 6 


176+ r.-j-i-io 


260 


6,500 


6" 7 


35+ Ih-^n 


70 


1.760 


7" 8 


35+ .^+[11 


50 


1.250 


8" 9 


35+ .VMii 


50 


1.250 



Curve No. 1 shown in Fig. 212 is plotted from these figures. 

385, Steam Curve. — The outside temperatures for an "average 
day" for the particular week chosen for illustration are made up 
from the weather reports of preceding years, and are as shown in 
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the second column of Table LXXXIV. Column 3 gives the cor- 
responding multipliers taken from curve No. 3, Fig. 211, for 
forced hot-water heating. Suppose the total B. T. U. required 
for warming the building in zero weather is found by computation 
to be 1,920,000 B. T. U. per hour. Heat is turned on at 6 
o clock in the morning, and it is assumed that when the tem- 
perature is less than -|-20 degrees outside it will take 2 hours to 
warm the building up to 70 degrees; hence, the heating system 
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F!g. 212. Method of Plotd&K Power and Steam Cunres. 



will be working at its full capacity from 6 until 8 a. m., regardless 
of the outside temperature under the conditions of the present 
problem. 

Heat is shut off from the building at 9 p. m., at the same 
time the engines are shut down — that is, the circulating pumps 
are stopped at that time. Steam is required for warming the 
air for ventilation from 8 a. m. until 5 p. m. The heat re- 
quired for this purpose per hour is assumed to be 960,000 B. T. 
U. in zero weather, and varies with the outside temperature. 

The hot- water storage tank is of large size and steam is on the 
coil from 6 a. m. until 9 p. m. It is further assumed that 96,000 
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B. T. U. per hour are used continuously for water heating 
throughout the day. This covers all uses of hot water both for 
lavatory and cleaning purposes. 

Although the quantity used will vary at different hours of the 
day the large size of the storage tank serves as a reservoir and 
distributes the steam required for this purpose over the entire 
period. The quantities in column 4 are obtained by the equation 

1,920,000 

— ^^ — X^ in which F is the multiplier from column 3 corre- 
sponding with the outside temperature for that hour. The quan- 

960,000 
tities in column 5 are obtained by the equation — - Xi**, in 

which F is taken the same as before for simplicity. The quanti- 



ties in column 6 are equal to 



96,000 



-^^ and are uniform throughout 

the day. 

Column 7 gives the total steam requirements per hour for all 
heating purposes, being made up of the quantities in columns 4, 
5 and 6. 

Table LXXXIV. 



1. 


2. 


3. 


4. 


5. 


6. 


7. 


Hour of 
the day. 


Outside 

temperature. 

degrees. 


Multi- 
plier. 


Poondii 
steam pei- 
hour for 
heating. 


Pounds 

steam per 

hour for 

ventilation. 


Pounds 
steam per 

hour for 
hot-water 

service. 


Total 
pounds 

steam 
required 
per hour. 


5 to 6 
6" 7 
7" 8 
8" 9 
9" 10 
10" 11 
11 " 12 
12" 1 
1" 2 
2" 3 
3" 4 
4" 6 
6" 6 
6" 7 
7" 8 
8" 9 


+ 8 
+ 8 
+ 10 
+ 10 
+ 11 
+ 12 
+ 14 
+ 18 
+ 22 
+ 26 
+ 22 
+ 20 
+ 16 
+ 14 
+ 13 
+ 13 


i!66 

1.00 
0.89 
0.88 
0.86 
0.84 
0.80 
0.76 
0.70 
0.76 
0.77 
0.82 
0.84 
0.86 
0.85 


2.666 
2.000 
1.780 
1.760 
1.720 
1.680 
1.600 
1.600 
1.400 
1.600 
1.540 
1.640 
1.680 
1.700 
1.700 


890 
880 
860 
840 
800 
750 
700 
760 
770 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


2.166 
2.100 
2,770 
2.740 
2.680 
2.620 
2.600 
2.350 
2.200 
2.350 
2.410 
1.740 
1.780 
1.800 
1.800 



Curve No. 2 in Fig. 212 is plotted from column 7, and is shown 
as dotted in order to distinguish it from the exhaust or power 
curve. 
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S86. Conditions Shown by the Curves. — When the steam curve 
(No. 2), is at the top, the vertical distance between the two 
curves at any point shows the live steam required at that time. 
For example, from 6 to 7 a. m. 2,100 — 475 = 1,675 pounds of 
live steam are required for heating purposes. When the power 
curve (No. 1), is at the top, the weight of exhaust steam repre- 
sented by the vertical distance between the two, plus that lost in 
work and cylinder condensation, represents the steam wasted at 
that point. For example, from 8 to 9 a. m. the required power 
is 228 I. H. P. and the cylinder losses 228X(30— 25) = 1,140 
pounds, making the total waste (5,700— 2,770)+l,140 = 4,070 
pounds. 

Strictly speaking, the term "waste" is incorrect, as this quantity 
includes the heat transformed into work in the engine; but as 
this is only a small proportion of the total, it simplifies matters to 
consider the entire cyKnder loss as waste steam. Furthermore, 
as both the outboard exhaust and cylinder condensation are 
charged to the power account in a combined plant, there is no 
object in attempting to separate the different items in making the 
computations. 

Exhaust steam used for heating feed water is included in ex- 
haust wasted, because when the steam plant is operated for heat- 
ing alone all condensation is returned to the boilers and there is 
practically no cold feed to be warmed. Therefore, when the ex- 
haust from an added power plant exceeds the heating require- 
ments, cold feed water must be supplied to take the place of the 
exhaust thrown outboard, and the surplus exhaust steam used 
in heating this is wasted so far as the original independent heat- 
ing plant is concerned. In other words, the steam used for feed 
water heating is not available for warming the building, and must 
be charged to the power account. 

For practical purposes the power and steam curves should be 
drawn to a much larger vertical scale, but those shown serve to 
illustrate the method of plotting them. Accurate quantities are 
best taken from Tables LXXXIII. and LXXXIV., while the 
curves show at a glance the general relation between supply and 
demand during the entire day. 



Digitized by 



Google 



344 COMBINED POWER AND HEATING PLANTS 

Estimate of Cost 

Let us now take up the plant and determine the cost of power 
for a heating season of 31 weeks from October 7 to May 11. 

387. Fuel for Power During Heating Season. — The building 
must be supplied with steam for heating, ventilation and hot- 
water service under any condition, so the additional cost for 
power, so far as fuel alone is concerned, is represented by the heat 
lost in the exhaust steam which is in excess of the heating re- 
quirements and therefore wasted. 

Let power and steam curves be plotted for an "average day" in 
each of the 31 weeks, as already described, and suppose the 
pounds of exhaust wasted each day, including cylinder losses, to 
be as given in columns 2 and 4 of Table LXXXV. (These curves 
are not shown, being similar to those in Fig. 212, but are referred 
to in the following example) : 

Table LXXXV. 

Pounds Pounds 

of eadiaust of exhaust 



steam 

Week wasted Week wasted 

ending per day. ending per day. 

Oct. 14 38.300 Feb. 3 25.200 

" 21 39,400 " 10 22,800 

" 28 33.800 " 17 22.300 

Nov. 4 29.100 " 24 22.300 

" 11 27,700 Mar. 2 24,300 

" 18 29.600 ** 9 26.700 

" 25 27,200 " 16 24.300 

Dec. 2 27,200 " 23 26.700 

" 9 28,100 " 30 27.500 

" 16 26.500 Apr. 6 26.200 

" 23 27.700 " 13 30.800 

" 30 28.100 " 20 31.700 

Jan. 6 24.300 " 27 32.100 

" 13 25.200 May 4 34.500 

" 20 22.800 " 11 38,900 



27 20.400 

Total 871.700 

The total given at the end of the last column represents the 
pounds of exhaust steam wasted for one day in each of the 31 
weeks, from which it is evident that the total loss for six days in 
each week, or for the entire heating season, is 871,700X6 = 
5,230,200 pounds. No account is taken of Sundays because the 
power plant will not be running, and there will be no exhaust 
wasted whether the building is heated or not. 

In estimating the heat lost in "exhaust wasted," only the lattat 
heat is considered, because that required to raise the temperature 
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of the cold feed to approximately the boiling point is provided by 
exhaust steam which is also included in this quantity, as noted in 
Paragraph 386. Under these conditions the total heat chargeable 
to power during the heating season is 5,230,200X960 = 5,020,- 
992,000 B. T. U. 

Assuming the heat value of the coal to be 13,300 B. T. U. per 
pound, and a boiler efficiency of 60 per cent, 5,020,992,000-=- 
(13,300X0.6) = 629,197 pounds of coal will be required, or 
629,197 -T- 2,000 = 314 tons. 

S88, Fuel Cost of Power for Heating Season. — Suppose the 
curves referred to show that the power required for all pur- 
poses during the heating season runs from 2,000 to 2,400 horse- 
power hours per day, according to the time of year, or an average 
of 2^200. This for the entire heating season amounts to 2,200 X 
6X31 = 409,200 horse-power hours, or 409,200-^1.75 = 233,828 
kilowatt hours, at a fuel expenditure of 629,197-^-233,828 = 2.7 
pounds per kilowatt hour. The cost of coal per kilowatt hour at 
different prices is given below : 

Cost of Coal for Power During Heating Season. 



Price per ton. 


Cost 


per kilowatt hour. 


$2.00 




$0 0027 


3.00 




0.0040 


4.00 




0.0054 


5.00 




0.0067 


6.00 




0.0081 



This, of course, refers to additional fuel alone and does not 
take into account the cost of plant, labor, etc. 

S89. Fuel Cost of Power for Non-Heating Season, — For the 
remainder of the year suppose the power requirements are found 
to average 2,000 horse-power hours per day, which calls for 2,000 
X30 = 60,000 pounds of steam. If the feed water is heated to a 
temperature of 204 degrees by the exhaust and the engines are 
supplied with steam at 90 pounds gauge pressure, the heat re- 
quired per pound of steam generated will be (331 — 204)+886 
= 1,012 B. T. U., or 1,012X60,000 = 60,720,000 B. T. U. per 
day, calling for 60,720,000 -r- (13,300X0.6) = 7,609 pounds 
of coal. This amounts to 7,609-7-2,000 = 3.8 pounds per horse- 
power hour, or 3.8X1. 75 = 6.65 pounds per kilowatt hour, the 
cost for which, at different prices, is as follows : 
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Cost of Coal for Power Ditring Summer Season. 



Price per ton. 


Cost per kilowatt hour. 


$2.00 


SO. 0006 


3.00 


0.0097 


4.00 


0.0133 


5.00 


0.0166 


6.00 


0.0200 



S90. Fuel Cost of Power per Year. — The average cost of fuel 
for power during the year, which is, of course, the length of time 
to be considered in making an estimate of this kind, is found as 
follows: Take for example, coal at $3 per ton. The cost of 
power during the heating season of 31 weeks is $0,004 per 
kilowatt hour and during the non-heating season of 21 weeks 
$0.0097 per kilowatt hour, the average of which is 

(31X0.004) + (21X0.0097) ^ , ., , 

^-^-— ^ ^jy^ = $0.0063 per kilowatt hour. 

In this estimate no account has been taken of the exhaust util- 
ized for hot-water service during the summer months. This 
would actually amount to about 1,000 pounds per day, at the 
most, which is so small in comparison with the total of 60,000 
pounds supplied to the engines that it has been omitted in the 
present case. In hotels, etc., where this is a larger item, it should 
be taken into account in the summer estimates as well as in the 
winter. 

391, Total Cost of Power per Year. — In estimating the actual 
cost of power in this case we must take into account interest, 
depreciation and taxes on the first cost of the power plant; also 
repairs, supplies and additional labor involved in its operation. 
If water is purchased at city rates, which would naturally be the 
case wfth an office building, this must also be included. Let an 
approximate estimate of the cost now be made to show the general 
method of considering this part of the problem. 

For' heating, ventilating and hot-water service the total steam 
requirements in zero weather amount to 3,100 pounds per hour, 
which calls for approximately 3,100-r-30 = 103 boiler H. P. In 
case of the power plant the maximum called for is 

(175+150+6+10) X30 „,, „ p 

30 = " • • 

As the available exhaust always exceeds the heating require- 
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ments under maximum operating conditions, the total boiler ca- 
pacity is fixed by the quantity of steam used by the engines. 
Hence, the additional boiler power called for is 341 — 103 = 238 
H. P. The cost of plant may then be taken approximately as 
follows : 

First Cost. 

Boilers $ 3^00 

Engines and generators 8,500 

Heaters, pumps, piping, etc 4,000 

Total $16,000 

Opekating Cost. 

Interest and depreciation, at 9 per cent. . $1,440 

Taxes, at 1.5 per cent 240 

Repairs and supplies, ash removal, etc . . 840 

Additional labor 1,700 

Water, at 5 cents per 1,000 gal 80 

Total $4,300 

Total kilowatt hours per year 

(2,200X6X31)+(2,000X6X^1) ^ 3^^ gpg 

Operating cost per kilowatt hour, not including coal, 4,300 -7- 
377,8(^9 = $0.0114, or a total, including coal, at $3 per ton, of 
0.114+0.0063 = $0.0177 per kilowatt hour. 

S92, Effect of Compound Engines. — it is quite possible in the 
above case that a saving could be made by using compound en- 
gines requiring 24 pounds of stjeam per I. H. P. per hour as against 
30, for the simple engines, and costing, say $5 per I. H. P. more. 
For simplicity, we will assume that there will be sufficient exhaust 
for heating purposes throughout the year with either type of en- 
gine, which is practically the case, except for a very short time in 
the morning. 

Total horse-power hours per year 661,200. 

Saving in steam, 661,200X6 = 3,967,200 pounds. 

Saving in cost of water 

3,967^00 
^^1^X0.05 = $23.90. 

Saving in cost of fuel, assuming an evaporation of 8.5 pounds 

of steam per pound of coal 

3,967,200 

-^-^4 — X0.0015 = $700.09. 
0.5 
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Difference in cost of engines, 341X5 = $1,705. Additional 
for interest, depreciation and taxes, 1,705X0.105 = $179.03. 

The total saving is therefore (23.90+700.09) — 179.03 = 
$544.96. 

S93. Effect of Condensing. — ^Whether or not there would be 
any saving in the present case by the use of a condenser for tak- 
ing care of the surplus exhaust, especially in the summer time, is 
easily determined. Assuming that the condensation of each pound 
of steam requires 35 pounds of cooling water at summer tempera- 
tures, and that the water-rate of the engines will be reduced 15 
per cent, the total weight per I. H. P. will be approximately 30 X 
0.85X35 = 893, or 900 pounds per hour in round numbers. The 
cost of this at 5 cents per 1,000 gallons will be 

900 
.-— — — -— X0.05 = $0.0054 per horse-power hour. 

o.oXljOUU 

The cost of fuel at $3 per ton in case of the simple non-con- 

30 

densing engine is — X0.0015 = $0.0053 per horse-power hour. If 

8.5 
15 per cent in cost of fuel is saved by running condensing, it will 
amount to only $0.0008, which is about one-seventh the cost of 
condensing water. Hence, it is evident that it will be more 
economical to nm non-condensing at all seasons of the year than 
to purchase the necessary quantity of water at city rates in this 
particular case. If cooling water could be obtained from a 
nearby lake or river without cost, except for pumping, the result 
might prove more favorable. 

The above example has been worked out to show the methods 
of computation rather than actual quantities, although the as- 
sumptions have been reasonable and have been checked by figures 
reported in actual cases* 
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CHAPTER XI. 
EQUIPMENT AND OPERATING COSTS. 

In estimating the cost of all power and heating work quotations 
or bids for the actual equipment and construction should be 
obtained in each individual case when accurate results are desired. 
The data given in the following pages, while taken from reliable 
sources, is necessarily somewhat general in its nature and is to 
be used especially for filling in gaps when making estimates, and 
for preliminary approximations. 

Cost of Power Equipment 

tS94. Steam Power Plants, — The cost of plant equipment varies 
considerably according to the size, type, and other local condi- 
tions. Table LXXXVI. has been made up from a series of curves 
prepared by Mr. W. C. Way and published in Power, March 17, 
1908. These figures cover the steam equipment only. In case 
of an electric plant from $14.00 to $16.00 per horse power should 
be added for generators, foundations, and switchboard. 

Table LXXXVI. 
Cost of Steam Power Plants. 



Sixeof 
plant. 
H.P. 



Co0t per brake or delivered 
horae power. 



Steam plant 
equipment. 



Building. 



Total. 



Simple Non-Condensing Engines, Ret. Tubular Boilers. 





40 


$M 


133 


197 




60 


56 


30 


86 




80 


60 


28 


78 




100 


46 


26 


72 



Compound Condensing Engines, Ret. Tubular Boilers. 



200 


ISO 


122 


172 


300 


46 


18 


64 


400 


43 


16 


59 


fiOO 


42 


14 


56 



Compound Condensing Engines, Water-Tube Boilers With Reserve. 





300 


156 


118 


174 






500 


50 


14 


64 






700 


47 


13 


60 






1.000 


45 


12 


67 





349 
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Estimates for similar equipment given by H. Von Schon in the 
Engineering Magazine, May 1907, correspond very closely with 
the above. 

Table LXXXVII., made up from data given by Mr. Reginald 
Trautschold in the Practical Engineer, January 1914, covers the 
entire equipment for steam power plants including land and 
building. It will be noted in comparison with Table LXXXVI., 
that the figures are considerably higher for the smaller plants, 
while for 1,000 horse-power capacity they are practically the 
same, although the cost of land is included. 

Here, as before, the cost of generators and switchboard must 
be added in the case of electric plants. 

Table LXXXVII. 
Cost op Steam Power Plants. 



Size of 


Cost per brake 
horse power, in- 
cluding land and 
building. 


100 


1176 


200 


150 


300 


125 


400 


110 


fiOO 


05 


600 


85 


800 


70 


1.000 


60 


1.500 


58 



S95. Steam Electric Plants. — Mr. F. W. Dean, in the Practical 
Engineer, October 1910, estimates the cost of a lOOO-I. H. P. 
steam electric plant as $69,750 for reciprocating engines and 
$54,600 for a turbine plant of the same capacity. The buildings 
are estimated at $20,000 in the first case and $12,000 in the 
second. 

396. Isolated Plants.— TabU LXXXVIII. is taken from data 
presented by Mr. Percival R. Moses before the A. I. E. E., Jan. 
12, 1912, and later published in the National Engineer. 

The figures in this case are on a kilowatt basis and apply to the 
average isolated plant of medium size. 
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Table LXXXVIII. 

Cost op Mechanical Equipment for Isolated Plants. 

Cost per 
Kind of equipment. kilowatt 

capacity. 
Boilers 

Return tubular ^14-118 

Water-tube 16-20 

Engines 

High-speed simple non-cond. ... 20 - 25 
Medium-speed comp. non-cond.. 28 - 35 
Low-speed simple non-cond. ... 25 - 30 
Low-speed comp. condensing ... 20 ~ 25 
Generators 

High*speed, direct-connected. . . 13 - 16 

High-speed, belted 12- 15 

Low-speed, direct-connected ... 16-20 
SvnUhboard 5-10 

Poundaiions 5-10 

SteamfUting, including all auxiliary 

apparatus, piping, etc 20 - 30 

The figures in the above table are for all equipment erected and 
ready for use. 

897. Steam Equipment on Horse-power Basis, — ^Table 
LXXXIX. is made up of average values taken from Table 
LXXXVIII., and gives the cost of steam equipment per horse 
power on a basis of 1.6 I. H. P. per kilowatt, which is approxi- 
mately true for high and moderate speed engines of medium size. 
As the water-rate of the engines falls below 30 pounds per I. H. P. 
per hour, the cost of boilers, as given in the table, will evidently 
exceed the actual cost, but for the types of engines noted it will 
not be greatly in excess, and in any case is on the side of safety. 
For engines having water-rates below 25 pounds the cost of 
boilers should be corrected to correspond with the actual condi- 
tions when a close estimate is desired. 

Table LXXXIX. 

Cost op Steam Equipment for Isolated Plants. 

Cost per 
indicated 
Kind of equipment. horse-power 

of engines. 
Boiiers 

Return«tubular ^10 

Water-tube 12 

Engines 

High-speed simple non-cond. ... 14 

Medium-speed comp. non-cond . 20 

Low-speed simple non-cond. .. . 18 

Low-speed comp. condensing ... 14 

Foundations 5 

SteamfiUing, including all auziliary 

equipment, piping, etc 16 
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Cost of Heating and Ventilating Equipment. 

S98. Direct-Steam Heating. — Here, as in power work, the cost 
will vary considerably in different cases, even in buildings of the 
same general type, but for purposes of approximation we may 
allow $0.80 per square foot of direct radiation for dwelling 
houses, and $1.00 per square foot for office buildings and similar 
work. In the case of return-line vacuum systems, allow $1.15 per 
square foot. These figures are for the work erected and include 
all labor and material, except boilers, which are considered as 
part of the power equipment in combined power and heating 
plants. 

399. Forced Hot-Water Heating. — ^The cost of installation in 
this case is slightly more than for vacuum heating and may be 
taken as $1.25 per square foot of radiating surface which includes 
circulating pumps and heaters. 

J^OO. Ventilation. — The cost of ventilating equipment may be 
based on the volume of air moved per minute. This, however, 
will vary somewhat according to whether the fans are engine or 
motor driven and also upon the type of heating surface employed. 

For average conditions, with motor-driven fans, the cost of 
equipment will run from $75 to $80 per 1,000 cubic feet of air per 
minute for a rise of 70 degrees in temperature. This includes 
fan, motor, heater, and air washer. If the washer is omitted, 
deduct $25 from the above. 

The cost of distributing ducts is difficult to estimate, especially 
in the case of office buildings, schoolhouses, etc., where conditions 
vary greatly. Galvanized iron work may be estimated on a basis 
of 14 to 16 cents per pound erected, allowing about 1 pound per 
100 cubic feet of space for shops and factories with exposed 
overhead distributing pipes. In other buildings the weight of 
iron must be estimated from the plans. 

Cost of Operation. 

JfOl. Division of Costs. — The cost of operation in case of a 
power and heating plant is divided into two parts, known as 
fixed charges and operating costs. 

403. Fixed Charges. — These include investment costs, made up 
of interest, depreciation, rental, taxes, and insurance. 
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Administration costs, which occur in the case of central station 
work do not usually appear in connection with isolated plants. 

40s, Operating Costs, — These are made up of labor, fuel and 
water, oil, waste and supplies, repairs and maintenance, although 
in some cases the last item is included in the fixed charges. 

404, Load Factor. — The relation between the capacity of a 
plant and the actual output is an important item in estimating the 
cost of power in any given case. This relation is commonly ex- 
pressed in two ways, known as the yearly load factor and the 
station load factor. 

Yearly load factor =^g^^ 

in which 

A = the yearly output, either in horse-power hours or 

kilowatt hours. 
B =•- the rated capacity, either in horse power or kilowatts. 
8,760 = the number of hours in a year, (365X24). 

A 



Station load factor 



BXC 
in which 

A and B are the same as above. 

C = the hours per year the plant is in actual operation. 

An inspection of the items comprising the fixed charges makes 
it evident that this part of the operating cost is not affected by 
the load factor, as these items, with the possible exception of de- 
preciation, remain constant regardless of whether the plant is 
running or not. 

The cost per unit of power, however, varies inversely as the 
load factor, first because all parts of the equipment are more 
efficient when operated at or near their normal rating, and second 
because the amount of idle capital invested decreases as the load 
factor increases. 

The total operating cost increases with the load factor, due to 
the increase in fuel and other supplies, but not in direct pro- 
portion. 
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^05. Interest. — The rate of interest varies in different localities 
and at different times, but where no specific information is at 
hand it is customary to assume 5 per cent on mortgages secured 
by this class of property. 

406. Depreciation. — ^This represents an amount which must be 
laid aside yearly to replace the equipment as it wears out or be- 
comes obsolete. It is often a difficult matter to estimate this with 
any degree of accuracy as so much depends upon the design of 
the plant, the quality of the equipment and the care which it 
receives. In making approximations it is usually safe to allow 5 
per cent on the first cost of the plant for this item. 

407. Taxes. — This is a variable factor, usually running from 1 
to 2 per cent of the first cost of the equipment. A common 
method, when exact data is lacking, is to allow a charge of 2 
per cent on one-half to three- fourths the first cost for new plants 
and those which have been kept in good repair, which is evidently 
the same as 1 to 1.5 per cent on the full cost. 

408. Insurance. — Buildings and machinery are commonly in- 
sured against' fire loss, and boilers against explosion, at an annual 
charge running from one-half to 1 per cent of the value of the 
property. 

409. Labor. — The item of labor in the case of an isolated plant 
is usually a fixed charge so far as actual results are concerned, 
although included in the operating costs. 

The cost of labor depends largely upon the locality and the con- 
ditions under which the plant is operated. 

When no definite information is at hand the wages of a day 
engineer may be estimated at $4 per day, night engineer $3, 
firemen and helpers $2 per day. 

410. Fuel and Water. — ^The cost of fuel and water must be 
estimated in each particular case from local prices, and will of 
course vary with the size and efficiency of the plant and the con- 
ditions under which it is operated. Data for determining the 
quantity of fuel for power purposes has already been given in 
Paragraphs 205, 226 and 227. 

411. Oil, Waste and Supplies. — Estimates for these items, given 
by Mr. Wm. O. Webber in the Engineering Magazine, July 1908, 
based on compound condensing engines are as follows : 
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Table XC. 
Cost op Oil, Waste and Supplies. 

Cost of oil. waste and 

Size of supplies per horse 

plant, power per year, based 

H.P. on a 10-hour day. 

100 ^.40 

200 2.00 

400 1.45 

600 1.08 

800 0.83 

1.000 0.70 

1,600 0.65 

412. Repairs and Maintenance, — This covers the cost of keep- 
ing the plant in running order and depends to a large extent upon 
the age of the equipment, the care which it receives and the service 
required. 

Under ordinary conditions a charge of 2 to 3 per cent of the 
first cost per year will cover this item. 

418. Cost of Heating. — ^The cost of heating depends upon the 
amount of radiating surface in the building, the care used in 
regulation, the length of the heating season and whether or not 
heat is shut off at night, and the cost of fuel. 

Taking the heating season in New England and the Northern 
States as seven months, it will amount to approximately 5,000 
hours of continuous heating or 3,300 hours if the radiation is shut 
off for 8 hours during the night. 

As a comparatively small amount of fuel is saved by allowing 
the building to cool off at night, when "warming up" in the 
morning is taken into consideration, it is usually safer to count 
upon continuous warming when estimating the cost of heating. 
If the radiation is shut off at night the hours of heating should 
not, in general, be taken less than 4,000 per year. Each square 
foot of direct radiation gives off approximately 250 B. T. U. per 
hour for steam, and 210 B. T. U. for hot water under forced 
circulation. Therefore, the total B. T. U. required per year with 
the radiators working at their full capacity is given by the ex- 
pression, Hy^Ry^E, in which, 

H = hours the radiation is in use. 
= 5,000 for continuous warming. 

= 4,000 when radiation is shut off for seven or eight 
hours at night. 
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R = total radiating surface. 

= square feet of surface in radiators X I.2. 
E = efficiency of radiating surface. 
= 250 for direct steam. 

= 210 for direct hot water under forced circulation. 
This, as above stated, is for the full capacity of the radiation. 
For different methods of regulation multiply the results given 
by the above by the following factors, taken from Paragraph 208. 

Method of regulation. Factor. 

Low-pressure steam; hand regulation 0.80 

Vacuum system; giaduated valves 0. 70 

Forced hot water; hand regulation . 60 

Steam or hot water; automatic control . 55 

Having determined the heat units to be supplied, the approxi- 
mate cost may be found by the formula: 
^_ UXT 
^ ^ 16,000,000 
in which 

C = total cost of fuel. 
U = total heat units required. 
T = price of fuel per ton. 
JflJf. Cost of Ventilation. — The B. T. U. required for ventila- 
tion may be found by the expression : 

//X 1^X0.64 
in which 

H = total number of hours ventilation is provided during 
the heating season. 

V = cubic feet of air supplied per hour. 
In the above, an average outside temperature of +35 degrees 
has been assumed, which corresponds well with New England 
conditions. 

As the temperature of the entering air may be closely regulated 
by the engineer, no correction to the above is necessary. 

Having determined the total heat units to be supplied the fuel 
cost is computed the same as for heating. 

The item of power for driving the fans, being small in com- 
parison with the fuel cost, has been omitted. If, however, me- 
chanical ventilation is provided during the non-heating season 
also, it should be included. 
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415. Total Cost, — In computing the total cost of operation the 
fixed charges must first be estimated for the entire plant, including 
power, heating, and ventilating equipment. 

Next the various items making up the operating cost must be 
considered, charging each to its respective section of the plant, 
taking into account the utilization of exhaust steam as already 
described. 

While general data relating to the cost of power may be of 
value in the case of central stations and in plants where the ex- 
haust steam is thrown outboard or condensed, it is of little use in 
connection with isolated plants. 

Here the most important factor is usually the utilization of 
exhaust steam which varies widely in different cases according to 
local conditions. 

Tables XCI. and XCII., however, from data given by Mr. 
Reginald Trautschold in Practical Engineer, Jan. 1, 1914, cover 
items which may often be used to advantage in making approxi- 
mations of the cost of power, even in problems involving the use 
of exhaust steam for heating. The figures given in Table XCI. 
include the items of attendance, oil, waste and supplies, and are 
based upon average prices. 

Table XCI. 
Cost op Attendance, Oil, Waste and Supplies. 



Size of 


Cost of attendance, oil. 


plant. 


waste and supplies per 


brake 


10-hour day, based 


H.P. 


on 300 working days. 




per year. 


100 


^4.85 


200 


8.00 


400 


11.60 


600 


13.00 


800 


13.60 


1.000 


14.20 


1.500 


19.50 



Table XCII. gives the tons of coal burned per day in plants of 
different size, from which the fuel cost may be computed by using 
current prices. It will be noticed from an inspection of the table 
that the amount of coal per unit of power delivered varies in- 
versely as the size of the plant. This is due not only to the 
higher efficiency of the boilers but also to the lower water-rates 
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of engines and turbines and the higher mechanical efficiency ob- 
tained in plants of larger size. 



Table XCIL 


rr OF Coal R£QuniF.i> per Year. 


Siseof 


Tons of coal required 


plant. 
brake 


per 10-hour day. 


baaed on 300 working 


H.P. 


days per year. 


100 


3.3 


200 


6.0 


400 


10.7 


600 


12.4 


800 


12.8 


1.000 


13.1 


1.500 


14.0 
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CHAPTER XII. 

PRACTICAL EXAMPLES IN DESIGN AND COST OP 
OPERATION. 

In the previous chapters special attention has been given to the 
determination of heat and power requirements, available exhaust, 
etc., while the matter of cost, as regards plant equipment, and 
operation, has been approximated rather than accurately deter- 
mined. In the present chapter this is reversed, steam quantities 
and general conditions being approximated to some extent, while 
changes in plant design are taken up in some detail and costs more 
carefully estimated. In this way each feature of the problem is 
considered, both from an accurate and an approximate standpoint, 
which is of considerable value in this class of work. Often all 
that is required at first is a preliminary examination and report to 
show in a general way what may be expected from different ar- 
rangements and methods of operation, either as to steam supply 
and demand, or plant costs. This, in many cases, will answer as 
well as more elaborate computations and will prove less expensive 
for the client. On the other hand, conditions may be such as to 
require more accurate results, either for comparison with central 
station rates or for use in plant design. 

The following examples are worked out along the lines above 
noted, taking up different types of buildings to be constructed, 
or already in use, showing changes in cost of construction and 
operation when generating their own power under varying con- 
ditions. 

416. Purpose of the Problems, — As previously stated, these 
problems are for purposes of illustration rather than for giving ac- 
curate figures as to the cost of plant equipment and the production 
of power. At the same time they will closely approximate the 
results which may be expected under the particular conditions 
assumed and will be found useful in practical work by substi- 
tuting actual values and by extending their scope to include other 
factors not mentioned. 

359 



Digitized by 



Google 



360 COMBINED POWER AND HEATING PLANTS 

Problem (1)— Technical High School 

.417. Proposition to be Considered. — First, take the case of a 
technical high school, to be built in the residential part of a city 
where the ordinance requires that only anthracite coal or coke 
shall be burned. Power is required for driving the ventilating 
fans, for lighting, and for operating the machinery in the manual 
training department. The question is, shall a low-pressure steam 
plant be installed for heating and ventilating the building, and 
power be purchased from a local company at 4 cents per kilowatt 
hour, or shall the necessary current be generated upon the 
premises ? 

Jfl8. General Requirements, — Let the general requirements be 
as follows : The space to be heated and ventilated is equivalent to 
40 class rooms of standard size. The entire building is to be in 
use for class-room work 6 hours in the daytime, for 5 days 
in the week, for a school year of 36 weeks. Evening classes are 
to be held in 20 class rooms for 3 hours each day during the 
same period. Ventilating fans are to be started i^ hour before 
classes assemble, to flush out the building, and are to be run 
continuously throughout the sessions. This makes 61^ hours in 
the day time and 3^^ hours in the evening. The necessary lights 
are to be burned 7 hours for the day session and 4 hours for the 
evening session. Day lighting is comparatively small in amount 
and relates to certain corridors, toilets, basement rooms, etc. 
Power for machine work is required 4 hours during the day ses- 
sion and 3 hours in the evening. 

•iW, Heat Requirements. — A standard class room requires ap- 
proximately 40,000 B. T. U. per hour for heating purposes in zero 
weather, when the building is of ordinary construction and the 
proportion between wall and window surface about the average. 

Assuming 50 pupils per class room, an air supply of 40 
cubic feet per pupil per minute, will call for 50X40 = 2,000 cubic 
feet of air per minute, or 2,000X60 = 120,000 per hour. To raise 
this from to 70 degrees temperature will require 120,000X1.3 = 
160,000 B. T. U. in round numbers, making a total of 160,000+ 
40,000 = 200,000 B. T. U. per hour per room. 

This calls for a maximum of 200,000X40 = 8,000,000 B. T. U. 
per hour in the day time and 200,000X20 = 4,000,000 B. T. U. in 
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the evening. The entire system is to be equipped with automatic 
temperature control so the actual heat required will be nearly pro- 
portional to the difference between the inside and outside tempera- 
tures, as already described. 

420. Boiler Power for Heating. — One boiler horse power repre- 
sents a capacity of approximately 30,000 B. T. U. per hour ; hence, 
the maximum to be provided for heating and ventilating purposes 
is 8,000,000-7-30,000 = 267 horse power. 

In the evening the maximum power required will be 4,0O0,0O0h- 
30,000 = 134 horse-power. 

Horizontal tubular boilers will be the best type for a low-pres- 
sure heating plant of this size, using 4 units of 67 horse power 
each, set in one battery. The full number will then be required in 
the daytime, while 2 will be sufficient for evening use. In the mild 
weather of spring and fall, one or more can be used as found 
necessary. Suppose the weather records in this locality show the 
average day temperature for the heating season to be +40 de- 
grees, and the evening temperature +30 degrees. The factors 
for these temperatures as found by curve No. 2, Fig. 211, are 0.48 
and 0.61, respectively, making the average boiler power for day 
service 267X0.48 = 128 horse power and for evening 133X0.61 
= 81 horse power. 

421. Ventilating Fans and Motors. — The total air volume to be 
handled during the day session is 2,000X40 = 80,000 cubic feet 
per minute. As only half this quantity will be required in the 
evening, it will be best to use two fans and two motors, each unit 
having a capacity of 40,000 cubic feet per minute. We find from 
Paragraphs 131 and 132, that a 9-foot fan running at about 120 
r. p. m. will furnish this amount of air and call for 15 D. H. P. 
This will require 30 D. H. P. for the day session and 15 D. H. P. 
for the evening. 

422. Lighting. — Knowing the character and use of the different 
rooms, it is estimated that 6 kilowatts will be required for lighting 
during the day session and 30 kilowatts during the evening. 

423. Power for Machine Driving. — This for the number and 
character of the machines to be driven is estimated at 40 D. H. P. 
As the machines are motor-driven, corrections must be made for 
the loss in efficiency on this account. 
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Jk2Jf, Cost of Current. — Before estimating the cost of current to 
be purchased, the kilowatt hours must be determined. Assuming 
average motor efficiencies of 75 per cent, they being small in most 
cases, and taking the ratio of horse power to kilowatt as 0.746 
we have the following : 

4^5. Day Service. 

Fan motors-^ 
D.H.P.=30. 
Hours in operation «6>^. 
30X0.746X6.5 

=194 kilowatt hours. 

0.75 
Lighting — 
Kflowatts=6. 
Hours of strvice » 7. 
6X7=42 kilowatt hours. 
Machine shop — 
D.H.P.=40. 
Hours in operation =4. 
40X0.746X4 

=169 kilowatt hours. 

0.75 
Total for day session 194+42+159 = 395 kilowatt hours. 

426. Evening Session. 

Fan motors — 
D.H.P. = 16. 
Hours in operation =3>^. 
15X0.746X3.6 

i — =52 kilowatt hours. 

0.76 
Lighting- 
Kilowatts =30. 
Hours of service =4. 
30X4= 120 kilowatt hours. 
Machine shop — 
D.H.P.=40. 
Hours in operation = 3. 
40X0.746X3 

= 120 kilowatt hours. 

0.75 

Total for evening session 52+120+120=292 kilowatt hours. 
Total for day 395+292 = 687 kilowatt hours. 

427. Cost of Current. — ^This at 4 cents per kilowatt hour will 
amount to: 687X0.04 = $27.4« per day, or 27.48X5X36 = 
$4,946.40 for the school year. 

428. Private Power Plant. — Let us now see what additional 
equipment is necessary for generating the current on the premises. 
We will assume that water-tube boilers will be substituted for 
fire-tube on the score of safety, although the latter are used 
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for power purposes in many public buildings. It will also be 
necessary to add something to the boiler power to make up for 
the steam lost in passing through the engine, even though all of 
the exhaust is utilized for heating purposes. In previous computa- 
tions this has been taken as 15 per cent, and the same will be 
assumed here. 

There will be no other change in the heating system except 
the introduction of a pressure reducing valve, a back pressure 
valve, and an automatic pump and receiver for returning the con- 
densation to the boilers against a higher pressure. This arrange- 
ment will also call for separate traps on the returns from the 
direct radiation and the main heaters. 

No change is required in the motors or in the wiring, except 
connections between the generator and the switchboard. 

^29. Additional Equipment, — ^The principal items to be in- 
cluded in new or additional equipment are as follows : 

Boiler. Separator. 

Engine. Valves and Exhaust Head. 

Generator. Traps. 

Pump and Receiver. Piping. 

Feed-water Heater. 

430. Engine and Generator, — The maximum power require- 
ments at the generator during the day are as follows : 

30X0.746 

Fan Motors =30 kilowatts. 

0.76 
40X0.746 

Machine Motors =40 kilowatts. 

0.76 
Lighting 6 kilowatts. 

Total 76 kilowatts. 

Maximum requirements during the evening : 

15X0.746 

Fan Motors = 16 kilowatts. 

0.75 
40X0.746 

Machine Motors ^ =40 kilowatts. 

0.75 
Lighting 30 kilowatts. 

Total 85 kilowatts. 
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Assuming an engine capacity of 1.75 I. H. P. per kilowatt, it 
calls for 76X1.75 = 133 I. H. P. at the generator engine for the 
day load, and 85X1.75 = 149 I. H. P. for the evening load, which 
may be taken as 150 in round numbers. 

In order to allow for a slight increase in power we will base 
our estimate on a 90-kilowatt generator and a 160-horse power 
simple high-speed engine having a water-rate of 30 pounds of 
steam per I. H. P. per hour at full load. 

ItSl. Boiler Capacity for Power and Heating, — The maximum 
boiler power will be required during the daytime when the entire 
building is in use. Assuming 15 per cent loss in the steam used 
by the engine, and a water-rate of 32 pounds per I. H. P. per hour 
at the load carried (about 84 per cent of full load), the "make-up" 
water will amount to 133X32X0.15 = 638 pounds, calling for 
638 -J- 30 = 21 boiler H. P., thus making the total maximum 
boiler capacity required 267-f21 = 288 H. P. 

JlfS2. Sise of Pumps, Heater, Etc. — The receiving tank for a 
plant of this size should be about 36 inches in diameter by 48 
inches in length. It should be connected with two 6-inchX4-inch 
X 6-inch boiler feed pumps so arranged that they may be used 
either separately or together, each being of sufficient size to do 
the entire work when running at moderate speed. 

The extra pump is to serve as a relay in case of repairs. 

A feed-water heater should be provided for use when all, or a 

portion, of the exhaust is thrown outboard in mild weather, and 

160X30 
should have a capacity of ^ — = 160 H. P. for maximum 

conditions. 

JfSS, General Arrangement of Power Apparatus and Piping, — 
In Fig. 213 the piping arrangement is shown for a simple low- 
pressure heating system, with the condensation returning to the 
boilers by gravity. Fig. 214 illustrates the piping required by the 
combined power and heating plant. Live steam enters the heat- 
ing main through a pressure reducing valve provided with a by- 
pass and cut-out valves. The high-pressure supply to the engine 
is taken from the main drum through an independent connection. 
The exhaust pipe connects with the heating main through an oil 
separator, and also has a branch leading outboard through a back 
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pressure valve. The feed-water heater is on a by-pass connected 
with the main exhaust pipe, and so valved that it may be used 
or not as desired. The condensation from both the direct and in- 
direct systems of heating is trapped to the receiving tank as 
shown, and returned to the boilers through the feed pipe. Fresh 
feed water from the heater is drawn into the tank as needed 
and pumped into the boilers with the condensation. 
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Fig. 213. Low-Prettore Heatinf Plant for Technical Hi^ School. 

liSk^ Cost of Power Equipment. — ^This will vary somewhat in 
different localities, but the following may be taken as a fair 
average for the apparatus installed ready for use: 

Engine and dynamo, including foundation . $4,000 

Difference in cost of boilers 1,000 

Piping, tanks, pump, feed- water heater, etc . 2 ,000 

Total $7,000 

435. Cost of Operation. — The cost of operation will depend 
upon the proportion of exhaust steam which can be utilized in 
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the heating system, and will, of course, vary with the outside tem- 
perature. 

Steam required by the engine at maximum day load is 133X32 
= 4,256 pounds per hour. Lost in work and cylinder wastes, 
4,256X0.15 = 638 pounds per hour. 

Available exhaust for heating purposes, 4^56 — 638 = 3,618 
pounds per hour. Steam required per hour for heating and ven- 
tilation with an outside temperature of zero, 

200,000X40 ^ „^^ 

'-j^ = 8,333 pounds. 

When the outside temperature reaches -j-44 degrees, the steam 
requirements for heating and ventilation become 8,333X0.43 = 




Fig. 214. Combined Power and Heatinf Plant for Technical Hi|^ SchooL 

3,583 pounds per hour, which is practically the same as the avail- 
able exhaust. 

(The factor 0.43 is from Fig. 211, Curve 2, for a temperature 
of 44 degrees.) 

Hence, for outside temperatures below +44 degrees the total 
fuel cost per hour for power purposes during the day will be 
simply that necessary to replace the 638 pounds of steam lost 
in work and cylinder wastes, and which, with an evaporation of 
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8 pounds of Steam per pound of coal, and coal at $6 per ton, 

will amount to 

638X0.003 ^^ ^^^ 
-^ = $0,239. 

At +50 degrees the steam requirements for heating and ven- 
tilation amount to S^SSXOM = 3,000 pounds per hour, and the 
waste will be (3,618 — 3,000)+638 = 1,256 pounds, at a cost of 

In a similar manner, the fuel cost per hour for different out- 
side temperatures is found to be as follows : 

Table XCIII. 
Fuel Cost for Power at Maximum Day Load. 



Outside 



temperature. Co^per^hour ^^ 



degrees. 



+44 (and below). 

+60 

+56 

+60 

+66 

+70 



Fuel. 



(coal at ^6 
per ton). 



per kw.-hour. 



10.230 
0.471 
0.680 
0.877 
1.096 
1.284 



10.00816 
0.00620 
0.00006 
0.01164 
0.01442 
0.01689 



During the evening session, 150 I. H. P. are required, and, 
being practically full load, we will assume a water rate of 30 
pounds per I. H. P., making a total of 150X30 = 4,500 pounds 
per hour. Of this the loss in work and cylinder waste amounts 
to 4,500X0.15 = 675 pounds, leaving 4,500—675 = 3,8-25 pounds 
of exhaust steam per hour available for heating purposes. 

The steam required per hour for heating and ventilation with an 
outside temperature of zero is 

200,000X20 

— = 4,167 pounds. 

At +^ degrees the steam requirements for heating and ven- 
tilation become 4,167X0.92 = 3,834 pounds per hour which is 
practically equal to the available exhaust. From the above con- 
ditions Table XCIV. has been prepared in a similar manner to 
Table XCIII. 



Digitized by 



Google 



368 



COMBINED POWER AND HEATING PLANTS 



Table XCIV. 
Fuel Cost for Power at Maximum Evening Load. 



Outside 

temperature, 

degrees. 

+ 6 (and below). . . 

+10 

+20 

+30 

+40 

+50 

+60 

+70 



Cost per hour 

(coal at f 6 

per ton). 



Fuel. 



Cost 
per kw.-hours. 



^.253 
0.328 
0.531 
0.734 
0.938 
1.125 
1.328 
1.531 



10.00298 
0.00386 
0.00625 
0.00864 
0.01104 
0.01324 
0.01562 
0.01800 



In making an estimate of yearly costs for comparison, it is 
necessary to divide the school season into two parts; one repre- 
senting the time when all of the available exhaust may be used 
in the heating system and the only fuel cost for power is repre- 
sented by the steam lost in work and cylinder wastes, and the 
other, when the outside temperature is above +44 degrees in 
the daytime and above +6 degrees in the evening. 

Suppose the weather records for previous years show that dur- 
ing the school year there have been 18 weeks when it has been 
below -f 44 degrees during the day sessions, and that the average 
for the remaining 18 weeks has been +60 degrees. Also that 
during the evenings there have been 4 weeks when the tempera- 
ture has been below +6 degrees, and that for the remaining 32 
weeks it has averaged +50 degrees during that time. 

Taking the day sessions we have 18X5 = 90 days, when 
the fuel cost is $0.00315 per kilowatt hour (from Table 
XCIIL). The total kilowatt hours for a day session is 395, 
hence, the total fuel cost for 90 days is 90X395X0.00315 = 
$111.98. For the remaining weeks, with an average outside tem- 
perature of +60 degrees, the cost per kilowatt hour (Table 
XCIIL), is $0.01154, giving a total of 18X5X395X0.01154 = 
$410.25. 

For the evening sessions we have for 4 weeks a fuel cost of 
$0.00298 per kilowatt hour (Table XCIV.), amounting to 4X 
5X292X0.00298 = $17.40, and for the remaining 32 weeks, 32 X 
5X292X0.01324 = $618.57. Therefore, the total fuel cost, for 
power alone, for the school year will be 111.98+410.25+17.40+ 
618.57 = $1,158.20. 
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i36. Comparison of Costs. — In making a comparison with the 
cost when current is purchased from outside, various items must 
be taken into account, as listed below: 

Interest and depreciation on investment at 10 per cent $ 700.00 

Taxes, 2 per cent 140.00 

Repairs and supplies. 250.00 

Additional labor 500.00 

Additional water 60.00 

$1,650.00 
Cost of coal 1,168.20 

Total $2,808.20 

Cost of current when purchased $4,946.40 

Cost of current when generated 2,808.20 

Saving for the school year $2,138.20 

In estimating the labor, as above, it has been assumed that no 
additional men will be required, but that a higher priced man 
will be necessary for chief engineer. 

Problem (2)— HoteL 

437. General Proposition. — The present example takes up the 
case of a large hotel requiring steam for heating, ventilating, hot- 
water service, and laundry work; also power for lighting, re- 
frigeration, the driving of ventilating fans and laundry machinery, 
and elevator service. ' At present the plant consists of a battery 
of low-pressure boilers for heating on a vacuum system, a high- 
pressure boiler for operating the refrigerating machine, the laun- 
dry engine, and also for furnishing high-pressure steam for the 
laundry mangles. Electric current for operating the elevators, and 
fan motors, and for lighting the building, is purchased from a 
central plant at the rate of 2 cents per kilowatt hour. 

It is proposed to remove part of the old boilers and install new 
high-pressure boilers of the water-tube type, and equip the en- 
tire plant with mechanical stokers for burning a grade of coal 
which may be purchased for $3 per ton. It is also proposed to 
install engines and dynamos and generate the current for operat- 
ing the various motors and for lighting the building. Re- 
quired to determine what changes in plant equipment are neces- 
sary and compute the cost of same, also determine so far as pos- 
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sible, the saving in operating expenses, assuming the various re- 
quirements for steam and power to be as follows : 

438, Heating and Ventilation. — The building contains 26,700 
square feet of direct steam radiation requiring 26,700X250X1.2 
= 8,000,000 B.T.U.per hour in round numbers, in zero weather. 
The ventilation of the kitchen, dining-rooms, office, and other 
public rooms calls for an air supply of 8,000 cubic feet per 
minute, requiring 8,000X60X1.3 = 624,000 B. T. U. per hour. 

439, Hot-Water Service, — The total hot water to be furnished, 
including that for laundry and baths, amounts to 18,000 gallons 
in 24 hours. A large storage tank is provided so that boiler 
capacity for heating the entire supply in 10 hours is all that 
is necessary. It requires about 1,100 B. T. U. to raise the tem- 
perature of 1 gallon of water from 50 to 180 degrees, hence 1,800 
X 1,100 = 1,980,000 B. T. U. per hour are required for hot- 
water service. 

440, Refrigeration. — The refrigerating plant is equipped with 
a 15-ton machine driven by a steam engine using 34 pounds of 
steam per I. H. P. This calls for 15X1.4X34 = 714 pounds of 
steam per hour. (See Paragraph 195.) 

jj^i. Laundry Machines. — The laundry engine is rated at 20 
I. H. P. and requires 40 pounds of steam per I. H. P. per hour, or 
a total of 20X40 = 800 pounds. 

The mangles require approximately 400 pounds of high-pres- 
sure steam per hour. 

442. Electric Plant. — The various fan motors and those for the 
kitchen machinery are to supply a total of 14 D. H. P., requiring 
14-f-0.7 = 20 I. H. P. at the generator engine. 

The lighting plant requires a maximum of 80 kilowatts, or an 
I. H. P. of 80X1.'?'5 = 140 at the generator engine. 

Four electric elevators, each having a floor space of 64 square 
feet, are in practically constant use at about 70 per cent of their 
rated capacity throughout the day, calling for 

64X4X0.35X0.7 on t xj o . .u 
__ = 90 I. H. P. at the engine. 

(See Paragraph 194.) 

The total I. H. P. required of the engine driving the generator 
is therefore 20+140+90 = 250. For a simple high-speed en- 
gine this will require 250X30 = 7,500 pounds of steam per hour. 
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443. Boiler Power. — The total heat required per hour under 
maximum conditions for warming the building, ventilation and 
hot-water service, is 8,000,000+624,000+1,980,000 == 10,604,000 
B. T. U. This calls for 10,604,000 -f- 960 = 11,042 pounds of 
steam, and requires ll,043-f-30 = 368 boiler H. P. 

For power work, the refrigerating machine calls for 714 pounds 
of steam per hour, the laundry engine 800 and the generator en- 
gine 7,500, making a total of 714+800+7,500 = 9,014 pounds. 
To this must be added 400 pounds for the laundry mangles, 
which calls for a total of 

8.014+400^ 3^^ ^-p 

of high-pressure boilers. The exhaust steam available for heat- 
ing purposes will be approximately 9,000X0.85 = 7,650 pounds 
per hour, or the equivalent of 

7,650 



30 



255 boiler H. P. 



This makes it necessary to retain 368 — 255 = 113 H. P. of the 
present heating boilers. 

The old plant consists of one 75-H. P. high-pressure boiler and 
five low-pressure boilers of the same capacity. It will be best, 
probably, to remove the high-pressure boiler and three of the 
heating boilers, replacing them with 314 H. P. of water-tube 
boilers designed for high-pressure service. By this arrangement 
the entire power and heating work may be done for a considerable 
part of the time by the new boilers, the two older ones being used 
only as needed for heating in the coldest weather. 

444. Engines and Generators. — The total I. H. P. of the main 
engine was found to be 250, which calls for a generator of 250 -r- 
1.75 = 143 kilowatt capacity. A more direct method of deter- 
mining the size of generator is as follows : Assume efficiencies 
of 85 and 90 per cent for the fan and elevator motors respec- 
tively. Then we have required 

14X0.746 

— jr-^rp — = 12 kilowatts for fan motors, and 
O.oO 

' ' — =52 kilowatts for elevators 

u.y 
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making a total of 12+52+80 = 144 kilowatts, which is prac- 
tically the same as before. It will be best to install one 100-kilo- 
watt set and two 50-kilowatt sets; the larger having a 175-H. P. 
engine and each of the smaller ones a 90-H. P. engine. This will 
give a spare machine, which is a matter of much importance in a 
plant of this size. 

The larger unit, or both of the smaller ones, will give the re- 
quired power during the daytime, while tlie larger one and one 
of the smaller ones will be necessary in the evening. During 
the night one of the smaller units will be sufficient for all pur- 
poses. 

Ji45. Cost of Changing Plant. — In estimating the cost of chang- 
ing over the plant, we will assume that the old boilers are in good 
condition and that $5 per horse power may be realized upon 
them after paying for the cost of removal. There are four 75- 
H. P. boilers to be removed (3 low-pressure and 1 high-pressure), 
which will amount to 4X75X5 = $1,500. 

The new equipment installed will cost approximately as fol- 
lows: 

Boilers and strokers $5,300 

Engines 4,500 

Generators 3,000 

Foundations 1,600 

Piping, heater, receiver and pumps 4,700 

Total $19,000 

Less price of old boilers 1,600 

Net cost $17,500 

446. Lay-Out of Plant. — The general arrangement of the origi- 
nal plant is shown in Fig. 215 and the remodeled plant in Fig. 216. 
In the latter case the two low-pressure boilers connect directly 
with the heating main, while live steam from the high-pressure 
boilers is fed into the heating system through a reducing valve 
as needed. High-pressure steam is supplied to the various engines 
from a main header as indicated. The exhaust from the laundry 
engine is practically all utilized, partly in the dryer and partly 
for heating water. 

The refrigerating machine runs continuously day and night 
and the exhaust is utilized for water heating, any surplus 
going into the general heating system of the building which is 
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Operated on the vacuum plan. The exhaust from the generator 
engines, after being purified of oil, is turned into the heating 
main, there being an outboard branch provided with a back- 
pressure valve which opens automatically when the exhaust ex- 
ceeds that required by the heating system. The feed-water 
heater is located, as shown, and is provided with a by-pass for 
use when the heater is not in operation. The condensation from 
the heating system, hot-water tank, etc., is either pumped or 
trapped to a vented receiver and pumped back to the boilers. 

W. Additional Fuel for Pozver, — In estimating the additional 
fuel required for power purposes a different method has been 
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Fig. 215. Hotel— Original Plant 



employed from any yet given. First, the steam required for hot- 
water heating drops out of the problem, because this work is 
practically the same as in the old system. That is, all water 
heating is done by the exhaust from the laundry and refrigerat- 
ing engines. The latter runs all night, and the exhaust is utilized 
for heating a large storage tank of water for use during the next 
morning. During the day the laundry engine is in use, and its 
exhaust makes up the additional amount needed. There is a live 
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Steam connection with the high-pressure boilers through a re- 
ducing valve, and an exhaust connection to the heating system 
through a relief vilve, for keeping the proper pressure on the 
heating coil in the storage tank. Assume for this particular lo- 
cality a heating season of 210 days, and divide it into 7 periods 
of 30 days each. Separate each day into 3 periods of 8 hours 
each, which will represent approximately day, evening and night. 
This arrangement would not, of course, apply to all kinds of 
buildings, but for a large city hotel is fairly accurate. Obtain 
from the weather records of preceding years the average day, 
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Fig. 216. Hotel— Remodeled Plent. 

evening and night temperatures of these 7 periods, which ex- 
tend from about the middle of October to the middle of May. 

Let these be as shown in column 3, Table XCV.; the upper 
number in each group being the average day temperature, the 
second the evening temperature and the third the night tempera- 
ture. Column 4 gives the factor for the given temperature as 
taken from curve No. 4, Fig. 211, which is for vacuum heating. 
Column 5 gives the pounds of steam required for heating and ven- 
tilating purposes for one hour in each 8-hour period, it being 
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assumed that the building is warmed for the entire 24 hours and 
ventilated during the day and evening (16 hours). These quan- 
tities are based on a steam consumption of 

8,000,000+624,000 

— = 9,000 pounds per hour, 

in round numbers, for both heating and ventilation in zero 
weather, and 9,000 — 650 = 8,350 pounds for heating alone. 

Column 6 gives the pounds of steam wasted by the generator 
engines for one hour in each period. 

In computing the exhaust steam the following power require- 
ments are assumed for each 8-hour period: 

448. Day Load, — 

I.H.P. 

Lighting 65 

Elevators 90 

Fan motors, etc 20 

176 

Available exhaust 175X30X0.85 = 4,500 pounds (approx.). 
Lost in work and cylinder wastes, 800 pounds (approx.). 

449. Evening Load, — 

I.H.P. 

Lighting 140 

Elevators 55 

Fan motors, etc 20 

215 

Available exhaust 215X30X0.85 = 6,500 pounds (approx.). 
Lost in work and cylinder waste, 1,000 pounds (approx.). 

450. Night Load.— 

LH.P. 

Lighting 40 

Elevators 10 

50 

Available exhaust 50X30X0.85 = 1,275 pounds. 

Lost in work and cylinder waste, 226 pounds. 

Whenever the available exhaust is less than the heating re- 
quirements for the corresponding period, the exhaust wasted is 
simply that due to cylinder losses, that is, 15 per cent of the steam 
supplied to the engine. When the available exhaust exceeds the 
heating requirements for any period, the total waste is equal to 
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the cylinder losses plus the difference between available exhaust 
and the steam requirements. For example, in the first line of 
Table XCV., column 5 shows the steam required per hour for 
heating to be 5,130 pounds. The available exhaust during the day 
run is only 4,500 pounds; hence, the waste is simply that due to 
cylinder losses, or 800 pounds per hour. 

During the evening run the heating requirements call for 5,400 
pounds of steam per hour, and the available exhaust for the same 
period is 5,500 pounds. The waste from cylinder losses is 1,000 
pounds ; hence, the total waste is (5,500 — 5,400) +1,000 = 1,100 
pounds per hour. During the night the available exhaust is only 
1,250 pounds per hour, which is much less than the heating re- 
quirements, so that the waste is only that due to the cylinder loss, 
or 225 pounds per hour. 

Column 7 gives the sum of the three quantities in column 6 
and represents the steam wasted in 3 hours, one from each period. 
Column 8 gives the steam wasted in the corresponding 30-day 
period, and is found by multiplying the quantity in column 6 by 
(8X30). 

451. Cost of Fuel, — The total at the bottom of column 8 is the 
pounds of exhaust steam wasted during the entire heating sea- 
son of 210 days, and is chargeable to the fuel account for power. 
During the remainder of the year, 155 days, all of the exhaust is 
thrown away, which means that the entire quantity of steam sup- 
plied to the generator engines must be charged to the fuel ac- 
count. 

Assuming the power requirements for the summer season to 
be as follows: 

I.H.P. 

Day load ■ 175 

Evening load 200 

Night load 50 

The weight of steam required per day of 24 hours will be: 

175 X 30 X 8 = 42,000 

200 X 30 X 8 = 48,000 

50 X 30 X 8 = 12,000 

Total 102,000 pounds. 

or 102,000X155 = 15,810,000 pounds for the summer months, 
making a total of 3,906,000+15,810,000 = 19,716,000 pounds of 
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Steam per year to be charged to the power plant. Assuming an 
evaporation of 8 pounds of steam per pound of coal, the fuel cost 
at $3 per ton will be 

19,716,000 

-g^^^^X3 = $3,696.75 per year. 

452. Cost of Water. — The cost of water at 5 cents per 1,000 
gallons will be 

19 716.000 ^^^- 
8.3X1,000 

45S. Cost of Labor. — Changing over the furnaces from hand- 
fired to mechanical stokers will reduce the cost of labor in the 
boiler room to the extent probably of one day fireman and one 
night fireman, amounting to a total of about $1,600 per year. The 
original plant requires day and night engineers to care for the ice 
machine, elevator machinery, motors, etc. The new plant will 
probably require the services of a chief engineer in addition to 
these, and whose salary will be practically paid by the reduc- 
tion in the boiler room, force. It, therefore, seems reasonable to 
assume that the extra cost for labor will not exceed $600 per 
year under these conditions. 

454. Total Cost of Operation. — ^The total cost of operating 
the generating plant may be taken as follows: Depreciation be- 
ing taken at 10 per cent as the plant is operated day and night to 
a certain extent. 

Interest and depreciation on investment, 15 percent $2,625 . 00 

Taxes and insurance, 2 per cent 350.00 

Repairs and supplies 600.00 

Coal 3,696.75 

Water 118.77 

Extra labor 600.00 

$7,990.52 

455. Cost of Power When Purchased. — In computing the cost 
of generating the power upon the premises, all requirements have 
been reduced to indicated horse power at the main engine, upon 
a basis of 1.75 I. H. P. per kilowatt. Making the same assump- 



Digitized by 



Google 



DESIGN AND COST OF OPERATION 379 

tion in the present case, we find the current required per day dur- 
ing the heating season to be : 

175 

X8-800 

1.76 
215 

X8-983 

1.76 

50 

X8-229 

1.75 

2,012 kilowatt hours, 

which for the entire season amounts to 2,012X210 = 422,520 
kilowatt hours. 

For the summer season the current requirements per day are as 
follows : 

176 

X8-800 

1.76 
200 

X8-914 

1.76 
50 

X8=229 

1.76 



1,943 kilowatt hours, 

and for the season, 1,943X155 = 301,165 kilowatt hours. 

The total cost per year at 2 cents per kilowatt hour is (422,520 
+301,165) X 0.02 = $14,473.70. 

The saving in cost per year by the isolated plant is $14,473.70 
—$7,990.52 = $6,483.18. This large return upon the investment 
is due partly to the simplicity of the remodeled plant and partly 
to the large proportion of exhaust steam which may be utilized 
for heating. In this estimate no account has been taken of the 
saving made by the burning of a cheaper grade of coal, which is 
made possible by the use of mechanical stokers and forced draft. 
The coal used by the original plant may be estimated approxi- 
mately as follows : 

Refrigeration, 8,760 hours, at 714 pounds of steam per hour, 
6,255,000 pounds. Laundry engine, 2,400 hours, at 800 pounds 
of steam per hour, 1,920,000 pounds. Mangles, 1,500 hours, at 
400 pounds of steam per hour, 600,000 pounds. Heating and 
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ventilating 5,000 hours, at 6,000 pounds of steam per hour (aver- 
age for the season), 30,000,000 pounds, making a total of 
6,255,000+1,920,000+600,000+30,000,000 = 38,775,000 pounds 
of steam per year, the evaporation of which calls for 
38,775,000 ^„^^ ^ , 

8X2,000 = ^'^^^ *^"^ ^^ ''^' 

If the coal burned in the old plant cost $4 per ton, as against 
$3 in the new, the saving in fuel due to the lower cost will be 
$2,383, making the total saving by use of the new plant, 6,483.18+ 
2,383 = $8,866.18 per year. 

Problem (3) — Machine Shop. 

466. General Proposition. — This problem deals with a large 
machine shop having a steam power plant of only sufficient ca- 
pacity for driving the machinery. At present the buildings are 
lighted with gas, but it has been decided to change over to elec- 
tricity. Will it be better to purchase current from a local com- 
pany at 7 cents per kilowatt hour or install a private plant and 
generate it upon the premises? 

There are four buildings, 50x150 feet in size, and three stories 
in height, containing a total of 10,200 square feet of direct steam 
coils. The power plant consists of a 150-H. P. high-speed four- 
valve simple engine, using 28 pounds of steam per I. H. P. per 
hour, and three 75-H. P. boilers of the return tubular type, 
equipped with mechanical stokers and forced draft. The exhaust 
steam is utilized for heating purposes. There is a river adjacent 
to the plant, so that water can be had for condensing purposes for 
the cost of pumping, but is not made use of at present. Power is 
transmitted to the different buildings electrically, and the line 
shafting is motor-driven. 

457. Steam Required for Heating. — The first step is to de- 
termine if any portion of the exhaust from the new generator 
engine can be utilized for heating purposes. This information 
could probably be learned at the plant, but in any case can be 
computed with sufficient accuracy as follows: 

Radiation of the type used will condense approximately one- 
third of a pound of steam per square foot of surface per hour 
under average conditions, which also includes the heat loss from 
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the supply and return mains. This gives a maximum steam con- 
sumption for heating of 10,200-4-3 = 3,400 pounds per hour for 
the entire plant. 

The available exhaust from the present engine is 150X28X 
0.85 = 3,570 pounds per hour, which is evidently ample for all 
heating purposes in the coldest weather, and shows that the ex- 
haust from the new generating engine must be wasted. 

458. Lighting Plant. — As the building must be wired in either 
case, whether the current is purchased or generated, this item 
drops out of the problem although lamps must be furnished in 
case of the private plant. Each building has a floor space of 50X 
150X3 = 22,500 square feet, making a total of 22,500X4 = 
90,000 square feet for the entire plant. Assuming that closed arc 
lamps with opal globes are to be generally used, we find from 
Table XLVII., Paragraph 193, that 0.75 watts will be required 
per square foot of floor space lighted, making a total of 
90,000X0.75 ,,,,., 

1,000 = ''-' '^^^^"^^*^- 

In addition to the above there will be a considerable number of 
incandescent lamps for offices and for the individual lighting of 
special machines which require particularly good illumination, 
making it necessary to install«an 80-kilowatt machine driven by an 
engine of 80X1. "^5 = 140 I. H. P. capacity. As the buildings are 
equipped for gas, and the plant will not be operated at full load 
for more than about 2^/^ hours at one time, a single unit may be 
installed for the regular work ; this to be supplemented by a 25- 
kilowatt outfit for use on dark days and in the summer season 
when light is only required at special machines for a short time 
morning and night. 

As the exhaust cannot be utilized, and as the larger machine 
will run at practically full load, it would seem best to first in- 
vestigate the matter of steam economy, with a view to the pos- 
sible installation of a compound condensing engine. The con- 
ditions at first sight appear to be especially favorable for a con- 
densing outfit because it could be used with the lighting engine 
during the heating season, and with the power engine through the 
summer when the larger lighting unit was not in use. 
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The smaller engine may be of the simple high-speed type, piped 
to run either condensing or non-condensing, as desired. 

IiSd. Boiler Plant. — ^There are three ways in which the ca- 
pacity of the Jiwiler plant may be increased, as follows : Add- 
ing new boilers; increasing the rate of combustion' under the 
present boilers, and by installing an economizer. It would seem 
after a careful examination of the problem, that a combination of 
the three might work to advantage. For example : Suppose the 
present boilers are working under a draft which produces a com- 
bustion of 15 pounds of coal per hour per square foot of grate. 
This might easily be raised to 18 or 20 pounds without any ap- 
preciable loss in efficiency, especially if an economizer were 
installed. 

The present boiler plant, with its reserve unit, has a rating 
of 3X75 = 225 H. P. Increasing the combustion 20 per cent, 
will raise the capacity to 225X1.3 = 270 H. P. 

The effect of an economizer, while burning the same amount 
of fuel, should be to increase the boiler capacity at least 10 per 
cent, making a total of 270X1.1 = ^97 H. P. If a compound 
condensing medium-speed engine is used for lighting, with a 
steam consumption of 17 pounds per I. H. P. per hour, the total 
steam required will be (140X17) + (150X38) = 6,580 pounds 
per hour, which calls for a boiler capacity of approximately 6,580 
-r-30 = 220 H. P. The auxiliaries will require about 20 H. P. 
leaving a margin of 297— (220+20) = 57 H. P. Whije 
this will provide ample capacity without the addition of an- 
other boiler it is best in a plant of this size to install a duplicate 
unit to be held in reserve in case of emergency. 

1^60. Cost of Lighting Plant. — ^The cost of additional equip- 
ment for the lighting plant, exclusive of switchboard, wiring 
and lamps, may be taken as follows: 

Economizer $1,500 

Boiler and stroker 976 

Compound medium-speed engine 2,800 

Simple high-speed engine 600 



Dynamo (80 Kw.) 1,450 

Dynamo (25 Kw.) 375 

Condensing apparatus and pipe line to river. 1 ,500 

Steam piping, etc 2,000 

Foundations 800 

Total $12,000 
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461. Cost of Operation. — In estimating the number of hours 
which the entire lighting plant will be in operation on clear days 
we may assume the following, the working hours extending from 
7 a. m. until 6 p. m. ; 

Lighting hours. 

Month. Morning. Night. Total. 

September 1 i 

October i}^ Ij^ 

November J^ 2 2V^ 

December 1 2 3 

January 1 Ij^ 2j^ 

February ^ 1 l^i 

March H H 1 

Omitting Sundays this amounts to 335 hours per year, which, 
however, should be increased about one-third for cloudy weather 
and for day lighting in special parts of the plant. This gives 
335X1.33 = 446, which, in round numbers, may be taken as 450 
hours, calling for 140X450 = 63,000 horse-power hours, or 

63,000 

= 36,000 kilowatt hours. 

Assuming 80 per cent of the work to be done by the larger en- 
gine, on a basis of 17 pounds of steam per I. H. P. per hour, 
and 20 per cent by the smaller engine on a basis of 26 pounds 
per I. H. P., calls for (63,000X0.80X17)-f-(63,000X0.20x26) 
= 1,184,400 pounds of steam per year for lighting. This with an 
evaporation of 9 pounds of steam per pound of coal (which 
should be obtained with the economizer), and coal at $3 per 
ton will cost 

1,184,400 

With a jet condenser the cooling water, at 30 pounds per pound 
of steam, will amount to 1,184,400X30 = 35,532,000 pounds, or 
35,532,000-^8.3 = 4,300,000 gallons, in round numbers. The cost 
of pumping the water from the river may be taken as $0,008 
per 1,000 gallons, which amounts to 4,300X0.008 = $34.40. As 
the plant is equipped with mechanical stokers and forced draft, 
no additional help will be required in the boiler room on account of 
the extra boiler for the short time it will be in use night and 
morning. One first-class engineer can attend to the additional en- 
gine, with a small amount of help for cleaning, etc., and we will 
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assume that this is available without extra cost. A man will be 
necessary in any case to have general care of the lamps and he 
can also furnish whatever assistance is necessary in the engine 
room. On this basis we have the following items making up 
the operating cost of the lighting plant, from boilers to switch- 
board. Depreciation is taken as only 4 per cent, as the plant is 
operated for only a portion of the time. 

Interest and depreciation, on investment 9%, |1 ,080 . 00 

Taxes and insurance, 2% 240.00 

Repairs and supplies 150 .00 

Water for condensing 34.40 

CoaJ 197.40 

Total $1J01 .80 

462, Saving in Fuel for Power. — The main shop engine runs 
3,000 hours per year, and under the original plan requires 150X 
28X3,000 = 12,600,000 pounds of steam. Assuming an evapora- 
tion of 8 pounds of steam per pound of coal this calls for 

12,600,000 ^^^ 
8X2,000 = ^^^ *^"^ P"' y^"- 
It has been assumed that the addition of an economizer will in- 
crease the power of the boiler plant 10 per cent, while burning a 
given amount of coal, which also means a saving of 10 per cent in 
the fuel burned for generating a given amount of steam. As 
the entire cost of operating the economizer has been charged to 
the lighting account, we may deduct 10 per cent from the coal 
consumption of the shop plant which profits by the use of the 
economizer throughout the year. This reduces the coal required 
for power purposes 788X0.10 = 79 tons, in round numbers. 
Furthermore, the condensing apparatus may be used in connection 
with the shop engine for at least 180 days per year, reducing the 
steam consumption from 28 pounds per I. H. P. per hour to about 
24, and saving 150X^X10X180 = 1,080,000 pounds, or its 
equivalent in coal of 

1,080,000 
9X2;000=^^'^"^' 

thus reducing the yearly supply for shop power 79+60 = 139 
tons. This produces a saving of 139X3 = $417 per year. From 
this must be deducted the cost of pumping the condensing water. 
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which, for 180 days amounts to (150X24X30X10Xl80)-7-8.3 ^ 

23,421,700 gallons, which at $0,008 per 1,000 gallons, costs 23,- 

421.7X0.008 = $187.37, leaving 417— 187.37 = $229.63 as the 

saving in fuel. This deducted from the operating cost of the 

lighting plant leaves a net cost of 1,701.80—229.63 = $1,472.17 

per year for lighting. 

The cost of purchased current would be 36,000X0.07 = $2,520, 

leaving a balance of 2,520.00— 1,472.17 = $1,047.83 in favor of 

the private plant, which pays 

1,047.83 
■ .^^ QQQ = 0.0873 or 8.73 per cent 

upon the cost of installation. 

This plant operates under two decided disadvantages and still 
shows a good return upon the investment. No part of the exhaust 
can be utilized for heating, and again, the total output per year is 
small compared with the cost of the plant, the lighting engine run- 
ning only 450 hours per year as against 3,000 hours in case of 
the main power or shop engine. 

463. Alternative Scheme. — Let us now see what results might 
be expected by omitting the economizer and condenser and in- 
stalling simple high-speed engines using 30 pounds of steam per 
I. H. P. per hour and exhausting outboard. In this case one new 
boiler will be provided as before. While this does not leave 
an extra unit for emergencies, the plant is equipped with forced 
draft and three of the boilers may be made to do the entire work 
temporarily by forcing them about 30 per cent, which is entirely 
practicable. This, with gas lighting to fall back upon, seems 
to be amply safe for ordinary conditions. 

46^. Cost of Equipment. — The cost of this arrangement will 
be approximately as follows: 

Boiler and stoker $975 

Engine, 140 H.P 2,000 

Engine, 40 H.P 600 

Dynamo, 80 Kw. 1,450 

Dynamo, 25 Kw. 375 

Piping 1,800 

Foundations 800 

Total $8,000 

465. Cost of Fuel, — ^The cost of fuel in this case will be as 
follows: 140X450X30 = 1,890,000 pounds of steam per year, 
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which, with an evaporation of 8 pounds per pound of coal, and 
coal at $3 per ton, will amount to 

^0^X3 = $354.38. 
8X^,000 ^ 

1^66, Cost of Operation, — The cost of operation will therefore 
be: 

Interest and depreciation on investment, 9% $720 . 00 

Taxes and insurance, 2% 160.00 

Repairs and supplies 150.00 

Coal 364.38 

Total $1,384.38 

Jk67, Saving in Cost of Current, — The saving over purchased 
current in this case is 2,520 — 1,384.38 = $1,135.62, which pays 

1,135.62 
QQQ^ = 0.142 or 14.2 per cent 

on the investment. 

As no change has been made in the main or shop power plant, 
that does not enter into the computation. 

^68. Necessity of Investigation. — This problem is of special in- 
terest as showing the necessity of investigating a proposition from 
all sides in order to determine the best method of procedure. 

While a superficial examination seems to favor the use of an 
economizer and condensing outfit in the above problem, a more 
careful study shows a simple and less expensive equipment to be 
the more economical from an operating standpoint, even at a con- 
siderable increase in the cost of fuel. 

1^69. Lay-Out of Plant, — Figs. 217 and .2il8 show in diagram 
the original and remodeled plants respectively, for the proposition 
under consideration, it being decided to use the cheaper outfit. 
This arrangement works out in a very simple manner, especially 
when there is space for the new apparatus in the boiler and engine 
rooms, as has been assumed in the present case. No changes 
have been made in the old plant except to lengthen the main 
steam drum over the boilers and connect the new unit with the 
same. A separate line of steam piping is run to the new en- 
gines and the exhaust is carried outboard independently. No 
change is made in the feed-water heater, but a branch is carried 
from the new exhaust pipe to the old, in order to furnish steam 



Digitized by 



Google 



DESIGN AND COST OF OPERATION 



387 



for feed- water heating in the very coldest weather, when prac- 
tically all of the exhaust from the shop engine is utilized for 
heating purposes. This condition will seldom occur, but the ex- 
pense of making the connection is small and it is well to provide 
it for possible use. 

As the power required for driving the machinery and for light- 
ing is so equally divided, it might be a better plan to duplicate the 
present engine and generator, thus making the units interchange- 
able. In this case either could be used during the day and the 
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Fig. 217. Mftchine Shop— Original Plant. 

second started night and morning when lights were required. It 
might also be more desirable in this case to enlarge the supply 
and exhaust piping than to run duplicate lines, although some- 
what more expensive. 

Problem (4) — Hospital. 

^70. General Proposition. — The problem considered in this 
case relates to a hospital plant made up of detached buildings, as 
shown in Fig. 219. 
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The institution has been built up gradually, one or two build- 
ings at a time, without reference to a central power and heat- 
ing plant. At present steam for heating purposes is generated in 
five separate boilers, or batteries of boilers, of the cast-iron sec- 
tional type, using anthracite coal at $6 per ton. Buildings Nos. 
1, 2 and 3 each have an individual heating plant, while buildings 
Nos. 4, 6, 8 and 5, 7, 9 are supplied by two batteries of boilers 
located in buildings 4 and 5, respectively. Building 1 also has a 




Flf. 218. Machine Shop— Remodeled PUnt 

small high-pressure boiler furnishing steam for laundry pur- 
poses, cooking, sterilizing, etc. Current for lighting, refrigeration, 
and for operating a small elevator, fans, kitchen motor, etc., is 
purchased from a local company at a cost of 3 cents per kilo- 
watt hour. 

It is now proposed to erect a power house at the point shown, 
the upper floor of which shall serve as a laundry, and install a 
power and lighting plant for supplying all of the buildings. The 
problem involves the determination of the sizes of the various 
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parts of the apparatus comprising the proposed plant, its ap- 
proximate cost and the expense of operation as compared with 
the present arrangement. 

471. Increased Economy, — Economy of operation may be ex- 
pected in three ways, as follows: First, a higher boiler effi- 
ciency, due to larger units and more careful firing; second, a 
cheaper grade of coal may be used with properly designed fur- 




Huji el 



NO. 9 



7" 



NO. 



NO. 3 



•+.. 



-«e^ 



NO. 7 



Fig. 219. Block Plan of Hospital Boildinca. 

naces and the stronger draft which will be available; third, the 
exhaust steam, or a considerable portion of it, may be used for 
heating purposes during the winter, thus reducing the cost of 
electricity to a point somewhat below that paid the local company. 
In addition to these are several minor advantages, such as a re- 
duction in the rate of insurance due to the removal of the furnaces 
from the different buildings ; the installation of a vacuum system 
of steam circulation, resulting in more efficient temperature regu- 
lation ; the avoidance of dust and noise in the ward buildings ; and 
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making available a certain amount of space previously occupied by 
boilers which may now be devoted to other useful purposes. 

472. Boiler Capacity for Heating. — The radiating surface in 
the different buildings is as follows: 

Table XCVL 





No. of building. 


Square feet of 




Direct 
surface. 


Indirect 
surface. 


1 


700 
370 
370 
280 
280 
280 
280 
280 
280 

3.120 


2.030 


2 


1,560 


3 


1.560 


4 


900 


5 


900 


6 


900 


7 


900 


8 


900 





900 




Total 


10.550 


, 







Assuming efficiencies of 250 and 400 B. T. U. per square foot 
of surface per hour, in zero weather, for direct and indirect radia- 
tion respectively, we have a total of (3,120X^50)+ (10,550X 
400) = 6,000,000 B. T. U. which calls for 6,000,000-7-30,000 = 
166.6 boiler horse power. Increasing this 20 per cent for losses 
from pipe mains, etc., gives 166.6X1.2 = 200 H. P. Assuming a 
maximum of 30 H. P. for laundry work, hot-water service, etc., 
makes a total of 200-|-30 == 230 boiler horse power required for 
all heating purposes in the coldest weather. Although 30 H. P. 
must be provided for laundry purposes, in order to cover maxi- 
mum requirements for comparatively short periods, a continu- 
ous output of 20 H. P. is all that need be provided for when 
computing the steam consumption, owing to the storage of heat 
during the night in a large hot-water tank. 

473. Boiler Capacity for Power. — The refrigerating machine 
is motor-driven and rated at 5.5 tons per 24 hours. This, from 
Paragraph 196, calls for an I. H. P. at the generator engine of 6.5 
X1.8 = 10. The various other motors are required to deliver 28 
H. P., which amounts to 28-M).7 = 40 I. H. P. at the main 
engine after allowing for the efficiency losses in the various ma- 
chined. (See Paragraph 192.) 

The maximum lighting load, including the grounds, is 60 
kilowatts, calling for 60X1.75 == 105 I. H. P. at the generator en- 
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gine. This makes a total of 10+40+105 = 155 I. H. P., which 
for a simple high-speed engine will require 155X30 = 4,6.50 
pounds of steam per hour, or 4,650-r-30 = 155 boiler horse power. 

As this is less than the boiler power required for heating, all of 
the exhaust steam can be utilized in the coldest weather, so that 
only the cylinder losses need be considered in connection with 
the power work when computing the total boiler capacity. As- 
suming these losses to be 15 per cent of the steam supplied to the 
engine, 155X0.15 = 23 H. P. must be provided in addition to that 
already computed for heating purposes, making a total of 230+23 
= 253 H. P. to be installed in the new power house. 

It will be best in a plant of this size to provide a spare boiler, 
hence, in making the lay-out and estimating the cost we will ar- 
range for five 64-H. P. boilers. 

^7^. Engines and Generators, — In computing the daily load 
the 24 hours may be divided into three periods, as follows, dur- 
ing the heating season: 

Day Load (10 hrs.) 

I.H.P. 

Refrigeration 10 

Motors 40 

Lighting (10 Kw.) 17 

Total 67 

Evening Load (5 hrs.) 

I.H.P. 

Refrigeration 10 

Motors 10 

Lighting (60 Kw.) 105 

Total 125 

Night Load (9 hrs.) 

I.H.P. 

Refrigeration 10 

Lighting (25 Kw.) 44 

Total 54 

If two 40-kilowatt generators with 70-H. P. direct-connected 
engines are provided, one will be sufficient for the day and night 
loads, and both running together will care for the evening load ; 
the apparatus in each case operating within economical limits. As 
a matter of precaution it will be well to provide a third unit of 
the same size as a reserve, in case of accident. 
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47B. Cost of New Plant. — In estimating the cost, a portion of 
the new power house should be charged to the general building 
fund as the upper floor is to be used as a laundry. The pipe mains 
from the boiler house to building No. 1 are to be carried in a con- 
duit of new construction, but the remainder of the way will run 
through basements and open corridors. The sizes of the supply 
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Fig. 220. Power and Heatiiig Plant of HospitaL 

mains are indicated in Fig. 219. The returns are not shown, but 
follow the general line of the steam mains. The present boilers 
may be removed, if the additional space is required, and valved 
connections made between the new mains and the present supply 
and return piping in each building. Special vacuum controllers 
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(see Fig. 69), should be placed in the return from each group of 
buildings in order to equalize the suction throughout the system. 
A general lay-out of the new plant is shown in diagram in Fig. 
220. The approximate cost may be estimated as follows : 

Share of building (two-thirds) $5,000 

Chimney and smoke-flue 1,000 

Pipe lines and conduit 2,200 

Boilers (6) 3,600 

Engines (3) 3,000 

Generators (3) 1,800 

Switchboard 800 

Boiler room piping, pumps and heaters 3,600 

Foimdations 1,200 

Total $22,000 

^76. Power and Heating Requirements. — In computing the 
cost of operation for this locality, the year may be divided into 
two parts, a heating season of 270 days and a non-heating sea- 
son of 95 days. We will divide the heating season into 9 periods 
of 30 days each and determine the average temperature of each 
period from the weather records of previous years. Assume 
these to be as given in Table XCVIL, column 2. 

Table XCVII. 



1. 

Approximate 

period 
of the year. 


2. 

Average 

temperature, 

degrees. 


Factor 
for temper- 

tion. 


4. 

BoUer H.P. 

for heating and 

hot-water 

service. 


1. September 

2. October 


60 
fiO 
40 
30 
20 
30 
40 
50 
00 


0.31 
0.43 
0.54 
0.66 
0.77 
0.66 
0.54 
0.43 
0.31 


82 
106 


3. November 

4. December 

6. January 


128 
152 
174 


6. February 

7. Mareh 


152 
128 


8. April 


106 


9. May 


82 







It will be noticed that the factors in column 3 have been taken 
from curve No. 3, Fig. 211, which is for a hot- water system. Al- 
though the plant is to be heated by steam under a vacuum circula- 
tion, a considerable portion of the radiating surface is of the in- 
direct type provided with mixing dampers, so that a much closer 
temperature regulation is possible than with the usual direct sys- 
tem, and the conditions will correspond more closely with the 
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factors given by curve No. 3 than by curve No. 4. Furthermore, 
results relating to steam quantities, are, for simplicity, carried 
through in terms of boiler horse power instead of pounds of 
steam, the term "horse power" in this connection meaning the 
equivalent of 30 pounds of steam per hour. Also, with the type 
of engine used, the steam furnished by one boiler horse power and 
that required by one engine horse power are identical (30 potmds 
per hour). 

It has already been shown that the day load for 10 hours 
amounts to 67 I. H. P., which means that the equivalent of 67X 
0.16 = 10 boiler horse power are consumed in cylinder losses and 
that 67X0.86 = 57 H. P. are available for heating in the form of 
exhaust steam. Table XCVIL, column 4, gives the boiler horse 
power required for heating and hot-water service for the different 
periods. These quantities are equal to 200 multiplied by the tem- 
perature factor in column 3 plus 20, and show that the heating re- 
quirements during the day exceed the available exhaust in each 
period during the heating season. Table XCVIII. shows the boiler 
horse power required for both heating and power during the day, 
evening and night, for each of the nine periods of the heating sea- 
son. For example, during the day, in period 1, the requirements 
for heating amount to 82 H. P. (see Table XCVII.), 57 H. P. of 



Table XCVIII. 
FoK Heating Season. 





Day, 10 hours. 


Evening. 5 hours. 


Night. 


» hours. 


30-day period. 


Period 


H.P 
for 


H.P. 
for 


H.P. 
for 


H.P. 
for 


H.P. 
for 


H.P. 
for 


H.P. hours 


H.P. hours 




heating. 


power. 


heating. 


power. 


heating. 


power. 


for heatmg. 


for power. 


1 


82 


10 


82 


43 


82 


8 


59.040 


11.610 


2 


106 


10 


106 


19 


106 


8 


76.320 


8.010 


3 


128 


10 


128 


19 


128 


8 


92,160 


8.010 




152 


10 


152 


19 


152 


8 


109.440 


8.010 




174 


10 


174 


19 


174 


8 


125.280 


8.010 




152 


10 


152 


19 


152 


8 


109.440 


8.010 




128 


10 


128 


19 


128 


8 


92.160 


8.010 




106 


10 


106 


19 


106 


8 


76.320 


8.010 




82 


10 


82 


43 


82 


8 


59.040 


11.610 


Tota 


H.P. hours for the 


' heating season. . . 




...._. 


799.200 


79.290 



this is available in the exhaust, and 83 — 57 = 25 H. P. must be 
made up by live steam. The total steam necessary for both heat- 
ing and power is 82+10 = 92 H. P. Of this, 82 H. P. should 
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be charged to the heating account and 10 H. P. (the cylinder 
losses) to the power accpunt. During the evenings of period 1 
the power load amounts to 125 I. H. P., with cylinder losses of 
125X0.15 = 19 H. P. and available exhaust equivalent to 125X 
0.85 = 106 H. P. In this case 106—82 = 24 H. P. are exhausted 
outboard, and the total to be charged to power is 19-|-24 = 43 
H. P., while that charged to heating remains the same as before. 
During the night the power load is 54 I. H. P. with cylinder losses 
of 54X0.15 = 8 H. P. and available exhaust equivalent to 54X 
0.85 = 46 H. P. Here the exhaust is less than the heating re- 
quirements and 8 H. P. will be chargeable to power and 82 H. P. 
to heating. 

In like manner the same process is carried out for an average 
day in each period during the season. 

The figures in the last two columns are the horse-power hours, 
for heat and power, respectively, for each 30-day period. For 
example, 82X24X30 = 59,040-H. P. hours for heating in the 
first period and [(10X10)-j-(5X43)-f (9X8)] X30 = 11,610 
H. P. hours chargeable to power. 

During the non-heating season of 95 days, 20 H. P. for hot- 
water service is chargeable to heating, amounting to 20X24X95 
= 45,600 H. P. hours. 

The horse power chargeable to the power account is that re- 
quired by the engines, less 20 H. P., which is the exhaust utilized 
for heating, as noted above. Here, also, the days are longer than 
during the winter and the full number of lights will not be re- 
quired for so many hours. We may provide for this by reducing 
the time of the evening load to 3 hours and increasing the night 
load to 11 hours. 

We have, therefore, for a single day, the following: 

H.P. hours. 

Day load (67 — 20) X 10 = 470 

Evening load (126 — 20) X 3 = . 316 
Night load (64 — 20) X 11 = .... 374 

Total 1,169 

or 1,159X95 = 110,105 H. P. hours for the non-heating season. 
477. Cost of Operation. — The fuel post for heating may be es- 
timated on a basis of 4 pounds of coal per horse power per hour, 
which should easily be obtained with a plant of this kind. This, 
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with coal at $4 per ton, the price paid for the grade used in the 
new plant will amount to 



2,000 
Fuel cost for power, 

(79,290+110,105) X4 

2;ooo 



X4 = $1,515. 



The new plant will require a chief engineer at a salary of, say 
$1,600 per year, and an assistant for night work at about $1,200. 
On the other hand, less help will be required for the single larger 
boiler plant than for the five smaller ones, and it seems safe to 
say that one man may be dispensed with, when the handling of 
both coal and ashes is considered. This will result in a saving 
of about $700, leaving an additional cost for labor of (1,600+ 
1,200)— 700 = $2,100. 

The cost, therefore, of operating the combined power and heat- 
ing plant for a year will be approximately as follows : 

Interest and depzedation on investment, 16% $3,300 

Taxes and insurance, 1.5% 330 

Additional labor 2,100 

Repairs and supplies 400 

Coal ($6,768 + $1,616) 8,273 

Total $14,403 

In the old plant with scattered boilers, and less efficient hand- 
ling, probably about 5 pounds of coal would be required per horse 
power per hour, making the fuel cost for the year, with coal at 
$6 per ton, 

(799,200+45.600)X5 _ 
poo ^^ - *^^'^^^ 

The cost of purchased current may be computed as follows : 

Heating Season. 

H.P. hrs. 

Day load 67 X 10 - 670 

Evening load 125 X 6 - 625 

Night load 64 X 9 - 486 

Total for 24 hours 1.781 



Digitized by 



Google 



DESIGN AND COST OF OPERATION 397 

Non-Heating Season 

Day load 67 X 10 = 670 

Eveningload 125 X 3 = 375 

Night load 64 X 11 = 6»4 

Total for 24 hours 1,639 

Total for the year (1,781X270)+(1,639X95) = 636,575 
H. P. hours. 

As the horse-power ratings used in the problem have been, for 
the most part, based upon 1.75 I. H. P. per kilowatt, we may use 
the same ratio in changing horse-power hours into kilowatt hours 
with sufficient accuracy. This gives a total of 636,575-7-1.75 = 
363,757-kilowatt hours, which at 3 cents per kilowatt hour will 
cost 363,757X0.03 = $10,913, making the total for both power 
and heating 10,913-f 12,672 = $23,585 per year. 

The saving, therefore, by the new plant is 23,585 — 14,403 = 
$9,182. This large saving is due to the continuous use of a large 
part of the plant, the utilization of all of the exhaust steam, the 
greater efficiency of the boiler plant and the cheaper grade of coal 
used. 

If it were desired to carry through the last computation in kilo- 
watt hours instead of horse-power hours the method would be 
practically the same. 

In this case the power required for refrigeration would be 1.2 X 

28X0 746 

5.5X0.746 = 4.9 kilowatts, and for the small motors, -^r-^ — 

O.o5 

24.6 
= 24.6 kilowatts for the day load, and -r— = 6.1 kilowatts for 

the evening load. 

The lighting load for each period is given in kilowatts in the 
problem. 
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Makes of Equipment, or Catalogues from 
Which the Following Cuts Were Taken: 



Fig. 3 American Radiator Co. 
" 15 American Radiator Co. 

" 22 American Radiator Co. 

" 92 Central Station Steam Co. 

" 95 Johns-ManviUc Co. 

" 96 Percy N. Kenway. 

•* &7 Michigan Pipe Co. 

" 98A.Wyckoff&SonCo. 

" 103 Heine Boiler Co. 

*' 104 Wilkinson Stoker. 

" 106 Taylor Stoker. 

" 107 Heine Boiler Co. 

" 108 Green Fuel Economizer Co. 

" 114 Link Belt Co. 

" 115 C.W.Hunt Co. 

" 116 C. W. Hunt Co. 

" 120 Green Fuel Economizer Co. 

" 121 Green Fuel Economizer Co. 

<< 122 Ames Iron Works. 

" 123 Ames Iron Works. 

'' 124 Ball Engine Co. 

" 125 American Ball Engine Co. 

" 126 Sturtevant Turbine. 

" 127 Terry Turbine. 

" 128 Kerr Turbine. 

" 129 Rateau Turbine. 

" 130 Westinghouse-Parsons Turbine. 

" 131 Westinghouse Turbine. 

" 135 Davidson Pump. 

** 137 Blake-Knowles Pump. 



Fig. 138 Deane Pump. 

" 139 Worthington Pump. 

" 140 Worthington Pump. 

" 141 Blake-Knowles Pump. 

" 142 Deming Pump. 

" 143 Deming Pump. 

" 144 Blake-Knowles Pump. 

" 149 Blake-Knowles Pump. 

" 150 Blake-Knowles Pump. 

" 151 Blake-Knowles Pump. 

" 152 Janesville Iron Works. 

" 153 Cochrane Heater. 

" 154 Cochrane Heater. 

" 157 Worthington Condenser. 

" 158 Blake-Knowles Condenser. 

" 159 Worthington Condenser. 

" 160 Westinghouse-Leblanc Condenser. 

" 161 Westinghouse-Leblanc Condenser. 

" 162 Westinghouse-Leblanc Pump. 

" 163 Blake-Knowles Condenser. 

** 164 Blake-Knowles Condenser. 

** 165 Worthington Condenser. 

. " 166 Wheeler Condenser. 

" 167 Wheeler Condenser. 

'* 168 Baragrath Condenser. 

" 184 Alberger Condenser Co. 

" 185 Alberger Condenser Co. 

" 186 Alberger Condenser Co. 

" 187 Alberger Condenser Co. 

«* 188 Alberger Condenser Co. 
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